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Abstract
Artificial Gravity (AG) created by high-speed rotation is a promising method for pre-
venting the serious deconditioning associated with prolonged exposure to weightlessness.
Unfortunately, head-movements in a rotating environment create Coriolis cross-coupled
stimuli that introduce problematic vestibular responses. Earlier studies have shown that
it is possible to achieve at least partial adaptation to these stimuli, and that side-effects
diminish by the end of the training. This thesis seeks to contribute to the understanding of
the problem of optimization of and efficiency in AG-training.
We tested 14 subjects to see if variations of the angle of head-turn (300, 60*, 90*), when
performed on a 23 rpm short-radius centrifuge, had an effect on adaptation on VOR gain, on
time-constant, and on subjective reports (motion sickness, motion illusion and body-tilt).
We found that:
1. The pattern of adaptation is different for the time constant r from that of the am-
plitude of the VOR: higher fractional decreases in r are found at smaller angles, but
in peak- and normalized slow-phase velocity, higher fractional decreases are found at
higher angles.
2. Small head-angles correspond to small intensity of Coriolis cross-coupled stimulus
which leads to less discomfort, i.e. low motion sickness and illusion scores, but also
to weaker adaptation.
3. When subjects are already familiar with the AG environment, their VOR amplitudes
and time constants are smaller, and show smaller fractional decreases.
4. Subjects feel a(n) (illusory) feet-down tilt after to-nose-up head-turns, but they feel
horizontal after to-right-ear-down head-turns.
Thesis Supervisor: Laurence R. Young
Title: Apollo Program Professor of Astronautics and
Professor of Health Science and Technology
This work was supported by the National Space Biomedical Research Institute through
a cooperative agreement with the National Aeronautics and Space Administration (NCC
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List of Acronyms
The following acronyms are used:
" AG Artificial Gravity
" CCCS Coriolis Cross-Coupled Stimulus
" CSSI Coriolis Sickness Susceptibility Index
* GIA Gravito-Inertial Acceleration
" GIF Gravito-Inertial Force
" HM Head movement
" MS Motion Sickness
" MVL Man-Vehicle Laboratory
" (N)SPV (Normalized) Slow-Phase Velocity
" VOR Vestibulo-Ocular Reflex
" aVOR angular VOR
" IVOR linear VOR
ISCAN, Matlab, Microsoft, Adobe, Systat, StatXact mentioned in this thesis are trade-
marks of the respective companies.
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Chapter I
Introduction
Prolonged weightlessness has adverse health effects against which Artificial Gravity rep-
resents a potential countermeasure: bone and muscle loss, cardiovascular deconditioning,
neurovestibular disturbances [31]:
" Bone loss: Extended missions in weightlessness can provoke the loss of as much as 20
percent of bone mass. The risk of fracture is then significantly increased as well as
the possibility of renal stone formation due to calcium mobilization from bone.
" Muscle loss: Astronauts on long missions may lose up to 25 percent of their muscle
mass because weightlessness places a reduced load on the leg- and back-muscles used
for maintaining posture on Earth.
" Cardiovascular deconditioning during an extended mission reduces cardiac mass which
leads to a drop in blood pressure, faintness when standing erect, and reduced exercise
capacity.
" Neurovestibular disturbances in weightlessness involve disorientation, motion sickness
and a loss of sense of direction for many astronauts. On return, the vestibular organs
and the central nervous system must readjust to the presence of a gravity cue, and
astronauts may suffer from vertigo, motion sickness and equilibrium problems.
These problems lead to significant increases in risk if an emergency egress from the
spacecraft is required upon landing. Traditional countermeasures such as exercise, resistive
garments, and lower-body negative pressure are insufficient. Artificial Gravity (AG), created
by short-radius centrifugation, could complement these by delivering intermittent doses of
gravity. The AG-solution attempts to remove the cause of the adverse effects of spaceflight
rather than to cure their symptoms (Young (47], [49]).
The use of short-radius centrifugation, however, introduces problematic vestibular re-
sponses. Out-of-plane head-turns on a centrifuge create a disturbing stimulus called the
11
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Coriolis Cross-Coupled Stimulus (CCCS). These head-movements out of the plane of ro-
tation provoke unexpected illusory sensations of motion, inappropriate vestibulo-ocular re-
flexes, and motion sickness. The Man-Vehicle Laboratory has recently performed studies
with a two-meter Short-Radius Centrifuge (SRC), which find that subjects are capable of
adapting their response to minimize these side-effects. The present thesis lies within the
scope of research: (1) to understand better how adaptation to the CCCS occurs, and (2) to
lay out an efficient training in AG after which astronauts could eventually make completely
unrestrained head-movements free from adverse effects.
Chapter II
Background
A Human adaptation to the AG environment
A.1 The feasability of adaptation
One of the goals of the Artificial Gravity (AG) research project is to optimize adaptation
to the Coriolis Cross Coupled Stimulus (CCCS). To do so, one needs first to define adapta-
tion. According to the Oxford Dictionary, "adaptation is the process of modifying a thing
so as to suit new conditions". In the biology section of the same dictionary, "adaptation is
an organic modification by which an organism or species becomes adapted to its environ-
ment". In both statements, adaptation requires repeated exposure to a new environment,
and a plastic system able to change its mechanical/wiring properties to give new responses.
The new environment in our case is that of a short radius centrifuge, rotating at 23 rpm,
in which a person riding on it does head movements. The system being adapted is mainly
the human vestibular system. The adaptability of the human vestibular system has been
known for a long time, as detailed in the following paragraphs.
The plasticity of the human vestibular system
Several clues enable us to conclude that the vestibular system is indeed plastic. One
of them is its adaptability to weightlessness: an extreme environment which implies the
loss of gravity cues on graviceptors, especially the otoliths. This loss of "tonic pull" (as
refered to by Merfeld [25]) causes the vestibular system to change over the course of ap-
proximately three days (Shelhamer and Zee [43]) after which motion sickness and spatial
disorientation symptoms of the astronauts are less substantial. A re-adaptation is needed
on return to Earth too. After a long term spaceflight, the response of the vestibular sys-
tem is no longer appropriate to a full gravity environment, and leads to oscillopsia and
vertigo. The astronauts may suffer these symptoms for up to two to three weeks. Dur-
13
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ing the re-adaptation process, the brain re-learns to interpret the otolith signal for both
tilt and translation cues [25]. A second example which illustrates the plasticity of the
vestibular system is the vestibulo-ocular adaptation which occurs while wearing reversing
prisms (Gonshor and Melvill-Jones [16]). The eye reflexes driven by the vestibular system
are significantly modified in order to achieve image stabilization during head-movements
when subjects wear magnifying or minifying lenses, or prisms that rotate or displace the
image. The characteristics of vestibulo-ocular reflexes (VOR) are altered: gain, phase, and
even a cross-axis transfer of eye movements can occur. A third example of plasticity of
the vestibular system is the adaptive compensatory process that takes place in case of a
vestibular asymmetry. Hemi-labyrinthectomized cats were able to recover and to eliminate,
after a few weeks, the spontaneous nystagmus and asymmetrical VOR (Young [48]).
Habituation vs. adaptation
Adaptation is distinguished from habituation. The Oxford dictionary states: habitua-
tion is "the diminishing of a response to a frequently repeated stimulus". Habituation can
be compared to getting used to a noise or smell, so that after repetition, the habituated
body doesn't perceive the stimulus to be as strong as during the first exposure (Brown [5]).
Adaptation, on the other hand, involves purposeful or at least useful modifications of the
system control characteristics (Young [48]). Adaptation often leads to a significantly differ-
ent type or intensity of response.
Context-Specific Dual Adaptation
Ideally, the goal of the Artificial Gravity research program would be to find an Earth-
based training that leads to context-specific dual adaptation (CSDA). Such training should
enable astronauts to switch between rotating and non-rotating environments and be able
to move their head freely without the common discomforts of CCCS: motion illusions and
motion sickness. Dual adaptation has been shown in the Pensacola slow rotating room
(Parker [36]), so there is hope that it is also possible to acquire CSDA for intermittent
SRC. As mentioned by Shelhamer [43], CSDA refers to the ability of an organism to:
"1) Maintain two different adapted states for a behavioral response (such as two
different saccade or vestibulo-ocular reflex (VOR) gains)
2) Have each state associated with a specific context state (such as g-level), and
3) Switch between the adapted states immediately upon a change in context
state (without the need to adapt anew upon each transition - in a feed-forward
and not a feed-back manner)."
In the present case, artificial gravity would be the context cue to switch between the two dif-
ferent adapted states. Two general issues remain concerning the adequacy of ground-based
14
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AG training for reaching CSDA. First, we don't know whether reaching CSDA is possi-
ble. Second, we don't know whether the training would be transferable to a microgravity
environment1 .
Assuming that adaptation is necessary for CCCS in weightlessness, we would like to
know if the constant Earth-gravity cue is also a context-specific cue necessary both for the
adaptation and for switching between states. How then could the Earth-adaptated state
be transferable to a weightlessness-adapted state? We wish to understand if, once we have
adapted a subject on Earth to minimize, e.g., motion sickness, the same benefits will be felt
by the subject in space. These research themes have to be fully investigated before a long
term space flight to another planetary body is undertaken. In such a flight, the astronauts
would have to be able to switch rapidly in order to be functional in several gravitational
environments (1g; AG and Og for the interplanetary transfer; 0.38g for Mars).
Adaptation to the CCCS
Several studies have been performed in the MIT short-radius centrifuge to show that
adaptation to the CCCS at 23 rpm is possible. Sienko [44 and Lyne [24] found that
adaptation occurred over two days and was partially retained over five days. This provides
evidence of partial acquisition and retention of adaptation. Brown [5] found that nearly
all response parameters, including motion sickness and illusory tilt, decreased over the
experiment, and that visual input is needed for a more efficient adaptation of eye movements.
Garrick-Bethell [14] found adaptation to pitch movements in the reduction in time-constant
and illusory-motion scores.
A.2 The optimization of adaptation
Section A.1 enabled us to give a positive answer to this question: Is adaptation to the
CCCS possible? The next step is to search for ways the adaptation process can be optimized
in order to have rapid and efficient astronaut-training.
This optimization problem can narrow itself to a minimization problem, and can be
described in the language of optimization theory by:
min R(x), with x E S,
where R is the response function, x is a vector of stimulus parameters (Xi, ..., X), and S
is the set of all feasible Coriolis cross-coupled stimuli that the subject can experience2
The response function can be defined as a two-dimension vector containing the phys-
iological responses (as measured, e.g. by eye-movements parameters) and the subjective
'For a more detailed discussion about this issue, refer to section B.12 In optimization theory, R is called the objective function, x the choice variable, and S the constraint set
or opportunity set.
U
CHAPTER H. BACKGROUND
responses (as measured, e.g. by motion sickness scores):
R(x) Physiological Response PR(x)
Subjective Response SR(x)
The vector of stimulus parameters includes, for example, the velocity of the centrifuge, the
type of head movements performed (pitch, roll or yaw), the duration of the training, etc.
Each parameter is limited in amplitude: The angle of head-turns, e.g., is limited to 90* in
each quadrant. These limits are specified by the boundaries of the set S.
The objective is to find an training with a set of stimulus parameters (Xi, ... , Xz) that
would lead to an adapted state with minimum physiological and subjective responses.
The next sections of the background chapter includes:
" a description of the stimulus parameters (xi, ..., xn) and the set S which contains
them (section B),
" a description of the response parameters (section C),
" an attempted description of the functions that associate the stimulus and the response
parameters (section D),
* a discussion of the efficiency of the adaptation process (section E).
16
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B From stimulus to response: Description of the stimulus
The following paragraphs in this section give a detailed description of the parameters
that play a role in the determination of the Coriolis Cross-Coupled Stimulus (CCCS): both
single head-movements and more general training parameters are described.
B.1 Single head-movement parameters
Head Movements (HMs) during centrifugation drive semicircular canal inputs that have
no counterpart in ordinary terrestrial experience. These inputs come from Coriolis cross-
coupling between head- and centrifuge- rotation. Several parameters contribute to cross-
coupling effects. The present section will describe the parameters and the equations of
motion that figure the stimulus. Table II.1 shows a list of parameters needed to estimate
the intensity of a CCCS for single head movements. They do not play equal roles. The
following paragraphs describe each of them and their influence as seen in the literature.
HM parameters Centrifuge parameters
type velocity
angle acceleration
velocity
Other parameters
position and orientation of head / axis of rotation
visual feedback
gravity environment
other (proprioceptive, auditory, etc.)
Table II.1: List of Head Movement (HM) parameters for evaluation of the Coriolis Cross-
Coupled Stimulus (CCCS) intensity
Type of Head Movement (HM):
" Description: We define the type of HM as pitch, roll or yaw head-turns in the frame-
of-reference of the head, as shown on figure II-1. Only the HMs that take the head
out of the plane of rotation create the CCCS. For example, when lying supine on the
rotating centrifuge, only yaw and pitch HM are provocative. (On a Barany chair, only
pitch and roll HM are provocative). Positive (sense of) head rotation is defined by
the right-hand rule. For yaw head movements on the centrifuge, positive movements
are from "right-ear-down" to "nose-up".
" Literature review: Garrick-Bethell [14] investigated the possible adaptation to pitch
as a result of training in the yaw plane. (None was found.) Garrick-Bethell found
that the pitch HM VOR amplitude shows a greater decrement than the yaw HM
VOR does over the same number of trials. Tiliket [46] also found no evidence of
U
CHAPTER H. BACKGROUND
transfer of adaptation across planes, from a vertical rotating chair-position to a head-
tilted position. This suggests that the training of astronauts will have to include a
separate program of adaptation for each plane, since they need to adapt to motion
in all planes if they are to function normally while rotating. Guedry [19] observed
that little transfer of adaptation occurred between HM in different quadrants of the
same plane. Two studies on the MVL SRC, however, have shown successful transfer
of adaptation between quadrants [13], [44].
Convention for head-axes: Physical variables are represented by three-dimensional vec-
tors in a righthanded orthogonal head-fixed frame of reference (x, y, z) where the x-, y-, and
z-axes are the naso-occipital, interaural and rostrocaudal axes with positive values forward,
to the left, and to the top of the head, respectively. For rotation, the x-, y-, and z-axes
represent roll, pitch, and yaw rotations with positive values clockwise, downward, and to
the left, respectively, as shown on figure II-1.
/ Z head axis
Figure II-1: Head-axes
and naming conventions
for types of Head Move-
ments (pitch, roll, yaw). Y hdis
Positive (sense of) head
X head axis'6rotation is defined by the Rol
right-hand rule.
Angle of HM (in deg):
" Description: The angle of HM is the number of degrees through which the subject
rotated his/her head. Obviously, this angle is smaller than 900 for one quadrant.
" Literature review: I have found no published study of this parameter. It is one of
the goals of the present thesis to investigate this question. Guedry and Benson [18]
did mention that large angles HM (0) are more disorienting and nauseogenic than
small angles. They explained it by noting that the angular velocity stimulus for the
semi-circular canal is we sin0. Section B.3 will discuss the equations that support
Guedry and Benson's argument.
Velocity of HM (in '/sec):
" Description: The velocity of HM measures of how fast the subject rotates his/her
head.
" Literature review: I have found no published study of this parameter. The equations
of motion (section B.3) show that this parameter appears only transiently when the
18
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head is moved: the angular acceleration term, in which the velocity of HM appears, is
zero when the head movement stops. This suggests that the influence of the velocity
of HM is of lower order compared to that of the angle of HM or to the velocity of the
centrifuge.
Velocity of the centrifuge (in */sec or rpm):
" Description: The velocity of the centrifuge determines the magnitude of artificial
gravity at the heart or feet. The formula is: wc x where we is the angular
velocity of the centrifuge, g is the acceleration of gravity (9.81 m/sec2 ), x is the
target value of acceleration (in g) that the subject is to experience at a distance R
(in meters) from the center of rotation. For almost all the experiments in the MVL,
oc = 138*/sec (23rpm), which is obtained with x = 1g at the feet (R = 1.7m). Using
the SRC as a countermeasure for physiological effects of spaceflight creates a gravity
gradient between the head and the feet which is 1 gravity unit per body length, i.e.,
g/R. On the current MVL centrifuge, the gravity gradient is 1 since the head is at
the center of rotation.
" Literature review: we drives the intensity of the CCCS. The nauseogenic angular
velocity stimulus for the SCC is wc sin 0. This parameter, together with the radius of
the centrifuge, determines the dosage of AG for the body, which is the bone and muscle
deconditioning countermeasure. Miller and Graybiel [27] introduced the concept of
individually-selected centrifuge velocity. Their goal was to take into account the
inter-subject differences in MS susceptibility: highly susceptible subjects are exposed
to CCCS with low centrifuge velocity, whereas the more robust could reach a velocity
as high as 30 rpm (see section C.3). Another line of research studies of the effect of
we in incremental adaptation, protocol in which the subject is exposed to increasingly
nauseogenic Coriolis stimuli.
Acceleration of the centrifuge (in 0/sec2):
" Description: In the experiments being run in the MVL, the angular velocity is main-
tained constant (often at 23 rpm) so that the tangential angular acceleration is zero.
" Literature review: Guedry and Benson [18] found that HM done in the accelerating
phases (increasing centrifuge velocity) are less provocative than these at constant
centrifuge speed, which are in turn less provocative than at decreasing centrifuge
speed.
Position of the head / center of rotation:
* Description: In both the MVL centrifuge- and Barany chair- configurations, the center
the head (between the two ears) is close to (or on) the axis of rotation. To define the
19
CHAPTER II. BACKGROUND
position of the head on the centrifuge, we need: 1/ a distance from the axis of rotation
and 2/ an orientation of the head with respect to the rotation of the centrifuge (this
latter contributes importantly to the signal sensed by the vestibular organs, especially
the otoliths). In long-radius centrifuges, the head is far from the center of rotation,
and the effects are very different.
* Literature review: I have found no published study of this parameter.
Visual feedback:
" Description: The visual feedback can be either "dark" (with blindfolds and black
canopy around the centrifuge), "stable" (with a centrifuge fixed visual field) or "ex-
ternal" (with a full view of the room). The terms are taken from Brown's study [5]
done in the MVL.
" Literature review: Brown finds that there is a significant effect of these three visual
conditions on eye movement parameters. Subjective measurements such as motion
sickness and illusory self motion, however, were not significantly influenced by the
type of visual input.
Gravity environment (in m/sec2 ):
" Description: This is the magnitude of the gravity field in which the experiment is
performed. Obviously, in the MVL experiments, the magnitude of gravity is constant
and equal to 9.81 m/sec2.
" Literature review: Does the CCCS provoke the same discomfort in weightlessness
as on Earth? Some experiments conducted aboard Skylab (Graybiel, Miller and
Homick [17]) and during parabolic flights (Lackner and Graybiel [231) suggest that
motion sickness and neurovestibular consequences are either significantly reduced or
eliminated in weightlessness: the major sensory conflict that drives these symptoms
disappears in the absence of gravity cues, and this removes conflicting gravito-inertial
signals on the otolith organs. Other sets of results support this explanation including
the absence of motion sickness or "nystagmus dumping" during post-rotatory head
pitch on SLS-1 and SLS-2 (Oman and Balkwill [33]; Oman, Pouliot and Natapoff [341),
in parabolic flight (DiZio and Lackner [10]), and during short-radius centrifugation
on Neurolab (Moore [29]).
B.2 Overall training parameters
Section B.1 listed the possible parameters that can be varied for a single head-movement
on the centrifuge. The training that we want to optimize, however, will be made of a se-
quence of head-turns, repeated over days or weeks. So more parameters need to be added
20
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to properly define the CCCS training to help the process of optimization.
Within one exposure, i.e., one session of the training, the following parameters can be
varied:
" number of HMs,
" frequency of HMs, i.e. how long subjects rest between to consecutive head-turns
(Generally, at least 20 seconds is required to allow both the decay of VOR and the
time to report subjective experience).
These two parameters together give the duration of exposure, i.e. the time-length of one
training-session. The consent form in the MVL experiment specifies that the time of cen-
trifugation should not exceed one hour.
Finally, for the whole training, the following parameters can be varied:
" number of exposures,
" frequency of exposures, i.e. the time between two sessions of AG-training.
B.3 The mathematical equations describing the Coriolis stimulus
Among the parameters listed earlier to describe the CCCS training, very few of them
determine the actual angular velocity stimulus to the Semi-Circular Canals (SCC). This
section details the mathematical equations describing the CCCS to estimate the intensity
of the angular velocity stimulus applied to the SCC. This paragraph focuses on angular
velocity to the the semi-circular canals for pitch and yaw head movements, with the help
of Euler parameters.
a - Description of the movements
Centrifuge / Earth
The Earth-fixed coordinate frame is (V, yo, V), and the centrifuge-fixed coordinate
frame is (V, pi, V), initially oriented as suggested on figure II-2. The centers 00 and 01
of the earth- and centrifuge-fixed coordinate frames, respectively, are the same.
The vertical gravity vector is: I = -IgI.
The movement of the centrifuge is described by: -T/o = -wo, and the angle that
describes this rotation is #, as suggested on figure II-3. The notation we instead of Wi/o will
be kept, for better clarity3 .
3 Here, wc = 23 rpm. The (-) sign indicates the clockwise rotation of the SRC in the MVL, clockwise as
seen from above
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00=01=
102
Figure 11-2: Conventions
for vector orientation. 'i eenaJge
yo
Earth frame
Head / Centrifuge
The head-fixed coordinate frame is (Y, pi, 2), initially oriented as in figure 11-2.
4O = YXI = Y 1" =Y2,
O = TZ' = V1lI = 2 .-
The movement of the head is described by the following parameters (see figure 11-4):
* Pitch movement 4 around pl = pj: the angle is 9. This movement rotates the coordi-
nate frame from 1 to 1'. The angular velocity is 9.
" Yaw movement around z-i = Y: the angle is st. This movement rotates the coordinate
frame from 1' to 2. The angular velocity is /.
ZI ~
Figure 11-3: Rotation between the Earth and the
Centrifuge frames.
Zj' Y2
Figure 11-4: Head Frames. x2
y1 - yr xr zi -z
4The coordinate frame (1,, z -i) is a temporary frame used for decomposition of the 2 head movements
(pitch-yaw).
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Convention for the notations:
The symbol -ji7 represents the angular velocity of a body moving in frame i as seen in frame j.
Correspondingly the angular acceleration Z{j,; is that of a body moving in frame i as seen in frame j.
The symbol [Vector]F. means that the vector is expressed in Fi coordinate frame i.
The angular velocity of the head with respect to the centrifuge frame is:
V2 + 691j
= Yaw + Pitch
The semi-circular canals sense -j 2 , the angular velocity with respect to the inertial
frame, expressed in the head coordinate frame F2 . To express the vector 0U71 in the frame
F2 , we need to find [Yii]F 2.
[ F2 [ F2  F
To express the vector 02g in the frame F2 , we need to find [W]F2, and [YF 2 , thanks
to the equations:
[yi,]F 2 = R 1'to2 x (']F,
[YW]F 2 = R1to2 - Ritoi' x [r]F1
where R 1'to 2 is the matrix of rotation from the coordinate frame 1' to 2.
b - Expression of the angular velocity vectors
General Pitch-Yaw head movements on the centrifuge
The angular velocity is, in the head coordinate frame F2 , i.e. (V, V2, 2):
0 sin ' - we cos 0 cos 1
0F2 = cos V) + wc cos 0 sin 0
S-we sin 0
Whereas in the inertial coordinate frame F, i.e. (V, yo, V), it is:
-we + 4 sin 1
[ F2/o = [ cos - cos sin J
0sin f + $ Cos 0 Cos#
Note: The cross product Whead x We (here, whead is 4 or d) appears only when we write
down the angular acceleration (see the following section).
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Single pitch head movement on the centrifuge
For a single pitch movement, we set the yaw parameters (0 and '/2) to 0.
The angular velocity is, in the coordinate frame of F2 , i.e. (V, Y, Y):
-co Cos 0
SF2 (11.1)
L-We sin 0
Whereas in the coordinate frame of F0 , i.e. (V, so, T), it is:
-Woc
02]Fo Cos
0 sin p
We can, therefore, write the angular acceleration, assuming We is constant as:
0
d--0] Fo .Wc sin + §cos 1
-we cos # + § sin J
Which gives, after applying the appropriate rotation matrices, the angular acceleration
in the frame F2 E w sin O
[20]F2
-9we cos 0
Single yaw head movement on the centrifuge
For a single yaw movement, we only set the pitch parameters (0 and 9) to 0 in the
general equations.
The angular velocity in the head coordinate frame F2 is:
-co Cos
[9]F2 [c sin j (11.2)
Wheras in the inertial coordinate frame F0 , it is:
[0-0 Fo [ sin ]
V)Cos #
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We can, therefore, write the angular acceleration, assuming we is constant as:
0
[62/0+ [Fo wc cos# - sin #
we sinq# +4@ cos #
Which gives, after applying the appropriate rotation matrices, the angular acceleration
in the frame F2 [ wesin@ 1
[U0]F2 Wc cos4V
The choice of a name for CCCS
This CCCS has a tumultuous naming-history. It has been called the Coriolis stimulus,
the Cross-Coupling stimulus or the Coriolis Cross-Coupling stimulus, and new papers using
a new denomination often criticized and argued against the old term. Guedry [22] argues
that all the names are appropriate. The term Coriolis Stimulus was first used by Schubert
in 1932 and has been unnecessarily questioned in the 1960s. Coriolis acceleration is a
linear acceleration and the canals are stimulated by an inertial torque whose direction and
magnitude can be directly derived by integrating the components of the Coriolis acceleration
vectors that act on the canal walls at each point around the endolymph ring The equations
are well described by Peters [37]. The name cross-coupling is also appropriate because the
stimulus to the canals can be derived from calculations of changes in angular momentum
or from analyses of Cross-Coupling effects. That is why the name Coriolis Cross-Coupling
stimulus has been adopted by many researchers. This name is not perfect either, because
when the head movement is made during initial acceleration on the centrifuge, the Coriolis
and Cross-Coupling effects occur, but the illusion and nausea with which this stimulus is
generally associated do not.
History has given reason to the name Coriolis Cross-Coupling Stimulus (CCCS), so
it is preserved here. Nevertheless, we may suggest other non-perfect names: Centrifuge
Stimulus, MOC5 Stimulus (though it does not create mock nausea), MAGIC' Stimulus.
We will agree to call it CCCS, which at least provokes curiosity.
5 Moving On a Centrifuge
6 Moving in Artificial Gravity Induced by Centrifugation
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C From stimulus to response: Description of the response
The response parameters analyzed were: eye-movement responses, motion sickness and
illusion responses, on which the paragraphs below give background information.
C.1 Vestibular physiology and VOR response
Vestibular physiology
Head- and body-movements create angular and linear accelerations that the vestibular
system senses. Vestibular inputs, combined with those of visual and somatosensory systems,
interact to elicit eye-, head-, and body-movements that stabilize gaze and maintain posture
in three-dimensional space. The vestibular organs are embedded in the petrous portion of
the temporal bone. They are composed of the Semi-Circular Canals (SCC) which detect
angular acceleration, and of the otolith organs, which detect linear acceleration.
The semi-circular canals
The SCC are made of three approximately orthogonal canals, filled with a viscous fluid
called endolymph. The canals are enlarged at their ends called, at the ampulla. Fluid flow
from the ducts into the ampulla causes deflection of the cupula (a gelatinous membrane
located within the ampulla of each semicircular canal that completely seals the canal).
This displacement of the cupula modulates the firing rate of its hair cells, which transmit
signals along the vestibular nerve and encode changes in the rate and direction of rotation
of the head in the three spatial planes, corresponding to the planes of the canals.
The canal fluid mechanics is described by an overdamped torsion pendulum model which
first arose from the work of Steinhausen in 1931 [45], and was updated by Goldberg and
Fernandez [15] to match the measurements more accurately. It is represented in the Laplace
domain by the transfer function:
-~ (s+A/r)( s+r/H) 1+TA s
a is the angular acceleration input and ( is the angular displacement of the cupula. II
represents the damping frictional drag of the endolymph fluid, A is the spring constant of
the cupular restoring force and E is the moment of inertia of the toroidal fluid ring. The
time-constants r1 = H/A and 72 = e/II are, respectively, the dominant and short time
constant of the cupula; rA corresponds to an adaptation process. Their values were deter-
mined by Goldberg and Fernandez [15] as: Ti = 5.7, T2 = 0.003 and rA = 80, seconds.
The SCC sense angular acceleration, but the motoneurons code the position (not the ac-
celeration) of the eye. Consequently, two integrations take place to convert head-acceleration
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to eye-position: One is done mechanically at the hair cell level so that the canal afferents in
the vestibular nerve closely follow the angular velocity of the head; The other is done in the
brain stem, close to the motor nuclei. The time constant of the velocity-position integrator
is about 30 seconds; its value is under cerebrellar control [42].
The otolith organs
The otolith organs are the primary means by which we sense linear acceleration of the
head and the orientation of the head with respect to Earth's gravity. The otolith organs
include two sac-like structures called the utricle and the saccule, which contain a small
sensory area of approximately 2 mm in diameter known as a macula, which include hair
cells. The cilia which emerge from these hair cells are embedded in a gelatinous matrix called
the otolithic membrane. That membrane contains small piles of calcium carbonate crystals
(CaCO3 ), called otoconia, which have greater specific gravity than the surrounding tissue.
Forces due to linear acceleration cause the cilia to bend so that the signal is transmitted to
the vestibular nerve.
The dynamics of the otolith can be modelled by the transfer function:
I= 1 - with rr2M-- (B)
( is the relative displacement of the otoconia and macula, is the linear acceleration of
space relative to space, M represents the inertia of the otoliths, and B and K represent the
viscous and spring coefficients of the displacement of the otoconia.
VOR response
The primary function of eye-movements is to keep the foveal image stable and on tar-
get. They can prevent the retinal image from moving when the observer or the object being
observed moves. Two kinds of eye-stabilizing movements are therefore required: one to
compensate for movements of visual objects and the other to compensate for movements of
the head. Any rhythmic motion of the eyes is called nystagmus.
The optokinetic nystagmus compensates for movements of the visual scenes relative to
a person. It is driven by motion of the retinal image.
The vestibulo-ocular reflex (vestibular nystagmus) compensates for head movement. It is
driven mainly by stimuli from the vestibular end-organs: the otoliths and the semi-circular
canals rather than the eyes. When a subject is rotated clockwise, the eyes move in a counter
clockwise direction to stabilize the retinal image: this eye movement is called a slow phase
nystagmus. After the eyes have rotated a certain distance, they quickly return to begin an-
other compensatory movement. This return sweep, called fast phase, can reach 800 deg/sec
or more (Howard [21]). The function of the slow phase in the vestibular nystagmus is to
9 1aI-.1 - . -1 1........
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stabilize the retinal image, and the function of the fast phase is to reposition the eye.
These two compensatory reflexes (VOR and optokinetic nystagmus) are primitive and
controlled almost entirely by subcortical centers. There are two types of VOR: the angular
VOR (aVOR), driven mainly by inputs from the SCC, and the linear VOR (lVOR), driven
mainly by inputs from the otoliths organs.
The VOR is a compensatory, plastic behavior. For the aVOR, the gain is defined as
the ratio of induced slow-phase eye-velocity divided by the stimulus head-velocity. The
dominant time-constant is defined as the time over which the eye-velocity response to a
step of head-velocity decays to 63% of its peak value. The dynamics of aVOR are, however,
better described with two times constants:
" the peripheral time-constant, associated with the decay in the eighth nerve activity,
which depends on cupula dynamics and hair cell transduction. Since it is fixed by
mechanical properties, its adaptation capability is limited.
" the central time-constant, also called the time-constant of the velocity storage integra-
tor, longer than the peripheral one. Its - plastic - value depends on previous motion
experience and is decreased when exposure to the stimulus is repeated.
This velocity storage integrator is modeled as a leaky integrator that stores activity
from the eighth nerve related to head-velocity and outputs a velocity command to produce
slow-phase eye-velocity. It is separate from the integrative neural network that produces
velocity-to-position integration mentionned earlier [20].
VOR during head movements on the centrifuge
The background section B.3 described the equations of motion of the stimulus encoun-
tered during head turns on the centrifuge. These equations can predict which VOR -vertical,
horizontal or torsional- is observed when subjects experience the CCCS.
For a single yaw head movement of amplitude 0 and velocity 4, the angular velocity
which stimulates the SCC during the head-turn - as expressed in the head coordinate frame
(V, 2, 2) - was detailed in equation 11.2 as:
-w cos V
The SCC sense the change in angular velocity, so if a head-turn is made from V51 to 02,
the change in angular velocity is (01 is set to zero in the right member of the equation, as
it is for HM starting from "nose-up" position):
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-[ c(cos 02 - cos 01) - (COS 02 -1)
F2 = Wc(sin V2 - sin 21) = w sin 2
0 J0
This equation predicts that:
" There is a transient angular velocity stimulus to the yaw plane (T), of amplitude
(which lasts only as long as the head is moving, i.e. so long as b is different than 0)
e There is a steady-state angular velocity stimulus to the roll and pitch planes (Y
and y) of respective amplitudes: -wc(cos4'2 - cosV1i) and wc(sin@'2 - sin /i). This
stimulus will be present not only during the head turn, but also after it, provided that
the angle of head displacement is not 0, i.e. 02 5 01.
This steady-state stimulus leads to a VOR response that can be seen measured in prac-
tice. The stimulus to the pitch plane leads to vertical VOR which is measured thanks to
the ISCAN system described further on. The stimulus to the roll plane leads to torsional
VOR, which our current version of ISCAN cannot detect. This torsional VOR is subtle,
hard to detect, and not always easy to observe in all subjects.
Equation 11.2 also predicts the direction of the vertical VOR slow phase velocity: the
amplitude for the pitch plane is we sin@0 along the V axis. In a non-rotating environment,
this stimulus would be equivalent to a pitch head turn downward (to chin down) of the same
amplitude, and would lead to an upward slow phase velocity (of negative amplitude). In
practice, this is exactly what is observed. For movements from right-ear-down to nose-up
(positive head turn about T), the SPV measured has a negative sign.
An analogous analysis could be made for pitch head-movements, leading to horizontal
and torsional VOR. The amplitude of the stimulus is given by equation II.1.
Note that the equations are written in the head coordinate frame. The previous para-
graph always mentioned the head planes, as opposed to the canal planes which are different.
Because the eye movements are recorded in the head coordinate frame, the stimulus was
also described in the head coordinate frame.
Normalizing the VOR response to the stimulus: the NSPV
As described earlier, the angular velocity stimulus of a yaw HM of angle V) is we sin )
along the head-pitch axis y. This provokes a vertical VOR whose peak amplitude of slow
phase velocity, A, is normalized with respect to the amplitude of the stimulus:
NSPV = Response Amplitude _ AStimulus Amplitude - we sinp V
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Such a normalized parameter assumes that head turns on the centrifuge can be approxi-
mated by an instantaneous velocity step change. It does not take into account the stimulus
duration (the transient acceleration component of a head turn).
We expect the NSPV values to be smaller than 0.7, on average. The reason is that the
gain of the angular VOR in normal humans during rotation in the dark - on a Barany chair,
without head movements - generally lies between 0.5 and 0.7 (Cohen and Raphan, [20]).
This value seems low: the eye velocity in the head coordinate frame should be close to
that of a space-fixed target, which would lead to a gain close to 1. Generally, active head-
rotation, rotation in the light, and visual input enhances the values of the angular VOR
gain. In our experiments, all head-turns are performed in the dark, reason why we expect
the average of NSPV to be lower than 0.7.
C.2 Motion illusion response
Head movements on the centrifuge elicit VOR and transient illusory sensation - and for
the same reason. Although they are referred to as illusory, these sensations result from a
true stimulation of the SCC. During constant velocity centrifugation, the body's response
to the stimulus is appropriate - it is precisely the response an accelerometer would give if
it went through a "leaky integrator". During a yaw head movement, the dominant illusion
is indeed a motion in the pitch plane.
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C.3 Motion sickness response
a - Introduction to motion sickness
As given by Reason and Brand [41], and Benson [12],
Definition 1 Motion Sickness is a condition characterized primarily by pallor, cold sweat-
ing, nausea and vomiting that follows upon the perception of certain kinds of real or apparent
motion.
Despite its name, Motion Sickness (MS) is neither a sickness nor a disease. It is a normal
reaction of the human body to a new environment (which is not necessarily in movement).
MS is debilitating because it induces epigastric discomfort and nausea. Meanwhile, other
symptoms appear: facial or circumoral pallor -around the mouth-, or cold sweat followed
by increased salivation, sensation of bodily warmth, or lightheadedness. If exposure to the
stimulus continues, nausea increases in intensity and vomiting may occur.
In Space, 70 % of astronauts experience MS during the first days of spaceflight. They
generally adapt after 2 to 3 days. MS is debilitating, and has an adverse effect on perfor-
mance. AG can serve as a countermeasure against deconditioning, therefore, only if it is
not nauseogenic, nor it has after effects.
AG sessions should not interfere in any way with vestibular adaptation to microgravity.
It is not obvious that this condition can be fulfilled easily: The French astronaut Jean-Loup
Chrdtien (personal communication to Laurence R. Young) reported that he felt MS only
after he had been on the ground-based centrifuge in the Russian space center. During his
training as a fighter pilot and his first space flight with the US, however, he did not feel
any symptoms. His report shows that an AG session can be provocative beyond the first
exposure, and interfere with "immunity" acquired in earlier provocative situations.
b - A way to evaluate motion sickness
The CSSI test
The Coriolis Sickness Susceptibility Index (CSSI) test 7 was introduced by Miller and
Graybiel [27] to quantify Coriolis motion sickness. During the test, the subject sits on a
Barany chair rotating at an individually pre-selected constant velocity and performs head
movements within a standardized pattern as shown on figure II-5(a). To diagnose MS, a
simple scoring criterion is used according to the table shown in figure II-5(b). The endpoint
of the test is reached when symptoms reach the level severe malaise (M III). The velocity
of rotation of the chair is determined according to the results of the Motion Experience
Questionnaire (MEQ). Its questions evaluate the average level of relevant prior experience
7to be pronounced "sissy" (with the French translation: poule mouillie)
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(a) Head-movement procedure
Diognostic Categorization of Different Levels of Severity of Acute Motion Slckness
Pathognomonic Major Minor Minimal AQS
Category 16 points 8 points 4 points po ts I pint
Nausea syndrome Vomiting or retching Nauseall, IlI
Skin Pallor III
Cold sweating III
Increased salivation Ill
Drowsiness Il
Nausea I
Pallor 1I
II
11
Epigastric discomfort
Pallor I
cp awareness
Flushintlsssective warmth V
Pain Headache > 11
Central nervous Dizziness
system Eyes closed > 11
Eyes open III
Severe Malaise
(M Ill)
8 - 15 points
Levels of Severity Identified by Total Points Scored
Moderate Malaise A Moderate Malaise 8
(M IIA) (M 1II)
5 - 7 points 3 - 4 points
Slight Malaise
(M 1)
1 - 2 points
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Frank Sickness
(S)
16 points
*AOS - Additional qualifying symptoms. + If - severe or marked, II - moderate, I - slight.
(b) MS scores criteria
Figure 11-5: The CSSI test. From Miller and Graybiel [27].
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(X) and intensity of symptoms (S) for several motion environment categories. It tries to
evaluate a subject's susceptibility in advance based on his/her individual history of MS.
The CSSI score expresses MS susceptibility to CCCS on a scale 0-100:
CSSI = E x N
N is the number of head movements required to elicit M III; E - the stress factor - is
a quasi-square law dependent on the velocity V of the chair8 . This implies that as chair-
velocity increases (which means the individual was found to be less susceptible to MS), the
increase in E (AE) is larger. In other words, if the subject is less susceptible, the greater
increase in E makes it more likely that the CSSI score will be higher. Thus, having a flexi-
ble self-selected chair-velocity enables to accomodate a large range of subject-susceptibility.
That preselection, however, complicates the analysis since each subject encounters a differ-
ent level of intensity of stimulus.
The challenge of evaluating MS scores
To carry out this program, researchers must measure subjective MS symptoms, such as
stomach discomfort. Oman, Rague and Rege [35] describe the Pensacola Motion Sickness
Scoring System similar to that in [27]. The observer and subject have to grade the sub-
jective intensity of eight different classes of symptoms (nausea, temperature, pallor, sweat,
salivation, drowsiness, headache and dizziness). The symptoms are assigned a numerical
weighted score (1=slight, 2=moderate, 3=severe) and summed to obtain an overall severity
level. The severity levels are: slight (1-2), moderate B (3-4), moderate A (5-7), and severe
malaise (8-15), and frank sickness (>16).
The recent papers of the MVL-AG research group use a 0-20 scale similar to the Well-
Being Ratings described by Reason and Brand [41] (0="I feel fine", 20="I'm about to
vomit"). This is more convenient than the Pensacola questionnaire system.
Obviously MS measurement leads to inaccuracies and high inter-subject variability. This
makes it worthwhile to seek a more accurately measurable phenomenon, related to MS. One
has proven to be easily and precisely measurable, and closely related to MS status. Dai
et al [71 show that the time-constants for horizontal and vertical aVOR are closely - and
inversely - related to the maximum number of head turns and therefore to the severity of
motion sickness. The function that relates the VOR time-constants to the number of head
turns tolerated, however, is still not known.
The rising pattern of MS scores
Miller and Graybiel [27] find that: MS symptoms appear to rise more steeply after a
8 Detailed discussion about this parameter is given in Appendix D.
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certain number of HM, if the angular velocity of the chair is above the subject's functional
vestibular reserve (FVR), as shown on figure 11-6. This phenomenon is captured in Oman's
model described in the next section.
The mean value of the CSSI over all the subjects run is 15.3, which can be obtained by
different combinations of E-factor and N. Some of them are shown in table 11.2. The text
suggests that one HM is from one position to another (e.g. from front to upright), which is
the same way as the AG counts the HMs. A CSSI of 15.3 corresponds to performing 42 HM
at 23 rpm (as suggested in table 11.2). It is consistent with the number of HM that subjects
have been able to perform in the AG experiments. Past AG-experiments were designed
with generally more than 36 HM, leading to reasonable drop-out rates due to MS. A study
(Brown, [5]) involved ad-lib yaw head-turns: most of the subjects were able to do between
40 and 100 such HM.
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Figure II-6: Symptoms
of MS changing with the
number of HM. Note on
this graph the illustra-
tion of 1/ the FVR: sub-
ject F is clearly below his
FVR and shows no sign of
MS, even after 300 HM;
2/ the skyrocketing phe-
nomenon: for subject D,
e.g., there is a change in
the slope at N=60, af-
ter this, MS symptoms
dramatically increase in
severity. From Miller and
Graybiel [27].
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Centrifuge velocity (rpm) E N
2 0.00397 3854
10 0.078 196
23 0.367 42
30 0.60 26
Table II.2: Combination of E and
15.3.
N values which correspond to the mean value of CSSI:
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D From stimulus to response: The building of a conflict
One of the main issues of research concerning medicine or behavioral sciences is the
complexity of linking together the stimuli and their associated responses. If it is often
possible to establish the relationship of cause and effect, it is often much less easy to
determine the exact mechanisms which drive the response. It is the case, in particular,
for the motion sickness response to CCCS which involves the building of a conflict. In
order to understand it better, models are helpful to propose hypotheses and try to predict
the outcome of new experiments. This section presents, in the form of models, common
hypotheses to explain motion sickness responses to CCCS, and also an attempt to predict
how the canal-otolith conflict influences VOR adaptation.
D.1 Explanation for motion sickness responses
a - The neural mismatch theory
Motion sickness has a complex origin. Many researchers in the past century have sought
a theory which would embrace the full range of experiences in which motion sickness occurs.
A hypothesis, widely accepted, is the sensory conflict or sensory rearrangement theory, as
explained by Oman [32]. In early formulations of the theory (then called intermodality
conflict theory), it was hypothesized that the signals coming from different sensors were
directly compared to each other, which gave rise to motion sickness when the input sig-
nals were in conflict. The different types of conflicts have been classified by Reason and
Brand [41]. Two main types of motion cue mismatch are visual-vestibular and canal-otolith
mismatch. Examples of conflicts are described in table 11.3.
In a next step, Reason [40] suggested that it was more appropriate to hypothesize that
the essential conflict signal is not between different sensory inputs, but between actual
and anticipated sensory signals. He postulated that the brain maintains a neural store of
paired sensory input and motor command memory traces that are continuously updated
based on experience interacting with the physical environment. This new theory is referred
to as neural mismatch conflict theory for motion sickness, and led to another group of
sensory-motor or efference copy theories. Benson [12] reviews the neural mismatch:
"in all situations where motion sickness is induced there is a conflict, not just
between the signals from the eyes, the vestibular apparatus and other receptors
stimulated by the motion, but that these signals are also at variance with those
that the central nervous system expects to receive."
A presence of the mismatch has two effects: it causes a rearrangement of the internal
model, and it evokes a sequence of neural and hormonal responses that constitute the
motion sickness syndrome.
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Visual (A) - Inertial (B) Canal (A) - Otolith (B)
Type 1 (1) Watching waves over the side (1) Head movements made about
(A and B) of the ship. some axis other that that of bod-
(2) Looking out of the side or rear ily rotation - cross-coupled angu-
windows of a moving vehicle. lar accelerations.
(3) Making head movements (2) Low frequency oscillations
while wearing someoptical device 0.1-0.3 Hz
that distor vision.
Type 2 (1) Cinerama sickness (1) Weightless flight - space sick-
(A not B) (2) Operating a fixed-base ve- ness
hicule simulator with a moving vi- (2) Calorific stimulation of the
sual display - simulator sickness. outer ear.
(3) "Haunted-swing" type of fair- (3) Positional alcoholic nystag-
ground device. mus associated with alcohol and
heavy water.
Type 3 (1) Reading a map in moving ve- (1) Rotation about an Earth-
(B not A) hicle horizontal axis.
(2) Riding in a vehicle without ex- (2) Any rotation about an off-
ternal visual reference. vertical axis.
(3) Being swung in an enclosed (3) Counter rotation.
cabin.
Table 11.3: Classification of conflicts inducing MS. If A and B represent portions of normally
correlated receptor systems (visual-inertial or canal-otolith) then three types of conflicts
can be represented as follows. [Type I]: A and B simultaneously signal contradictory or
uncorrelated information, [Type II]: A signals in the absence of an expected signal B, [Type
III]: B signals in the absence of an expected signal A. From Reason [41].
Neural Processing of gravito-inertial cues
The information given by different sensory systems can be ambiguous. The otolith or-
gans measure Gravito-Inertial Force (GIF = - d) but are unable to separate its components
and detect the direction of gravity alone. To distinguish tilt from translation and find the
direction of ', otolith measurements must be supplemented with other sensory information
from the Central Nervous System (CNS). Zupan, Merfeld and Peterka [51] describe the
so-called GIF resolution hypothesis for the resolution of this ambiguity:
"The CNS estimates gravity and linear acceleration, so that the difference
between estimates of gravity and linear acceleration matches the measured GIF.
Both otolith and semicircular canal cues influence this estimation of gravity and
linear acceleration."
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b - The subjective vertical conflict theory
Recently, Bos and Bles [2], and [4], have developed another theory which, they believe,
identifies a single conflict capable of explaining all types of motion sickness.
Their statement is [2}:
"All situations which provoke motion sickness are characterised by a con-
dition in which the sensed vertical, as determined on the basis of integrated
information from the eyes, the vestibular system and the nonvestibular propri-
oceptors, is at variance with the subjective vertical as expected from previous
experience."
They illustrate their theory with explanations of these examples [2]: Coriolis effects, sea
sickness, effects of micro- and hyper- gravity, air and car sickness, simulator sickness, and
clinical vertigo. Separately, Bles [3] explains CCCS as a conflicting stimulus in terms the
perception of the subjective-vertical.
c - Why these two theories are so different in philosophy
Although the subjective-vertical conflict theory [4] has some elements in common with
the neural mismatch theory [26] (e.g., both posit the presence of an internal model that
estimates a, -jf and -2), it also has some fundamental differences:
" GIF resolution: In Bos and Bles's model, the estimation of the direction of gravity is
made with the help of a low pass filter of the GIF as measured by the otolith organs.
Using the canals' signal, the vector is rotated from a frame fixed in the head to an
inertial coordinate frame. In Merfeld's model, however, the estimation of gravity is
made through a quaternion integrator which takes into account the canals' signal,
assuming that the initial orientation of gravity is known.
" Conflict for MS generation: In Bos and Bles's model, the conflict responsible for mo-
tion sickness is not between sensory signals and central estimates of those signals, but
between the direction of gravity as estimated by the sensory signals and as estimated
by central signals.
Some questions remain as to what conflict generates motion sickness.
One or two conflicts?
In the description of the models, two conflicts have been encountered: (1) The conflict
that enables allows the updating of internal model's estimates and (2) The conflict that
is responsible for MS. The question remains: how are they linked together? Oman [32]
assumed that the two are the same conflict. Bos and Bles [4], however, believe that the
second is derived from the first.
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Conflict between what?
These question are related to the previous one.
" What is the proportion of sensory conflict and neural mismatch for building the
general conflict signal? Oman's model mentions only the conflict between actual and
expected sensory signal. In principle, pure sensory conflict may contribute. Merfeld
and Zupan [50] introduce the notion of sensory signal weighting.
" Is motion sickness related to some sort of conflict between two estimates of "down",
as suggested by Bos and Bles? The figures 11-7, 11-8 and 11-9 show some of the
possibilities.
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Figure II-8: Is the conflict responsible for MS the same as the conflict which updates the
internal model? The two lightning signs evoke some potential conflict for generating MS.
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Figure II-9: Does the MS conflict involve estimates of gravity, as mentionned by Bos and
Bles? The circles show g, and g. Their different values could be responsible for generating
MS.
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d - Mathematical model for nausea path symptom dynamics
Oman [32] describes a heuristic mathematical model for nausea symptom dynamics.
The external input to the model is the neural mismatch (the conflict). It passes through
two parallel pathways (one with slow dynamics < 1min, and the other with fast dynamics
> 10min), after which it is multiplied by a threshold power law. The output of the model
is an estimate of nausea magnitude. The power law relationship that drives the magnitude
estimates was inspired by Stevens psychophysical law [6].
Interestingly, in this model, MS susceptibility does not depend only on the intensity of
neural mismatch conflict, but also on the gains and time constants of the fast and slow
pathways and on the nausea threshold. This hypothesis has important consequences for
the adaptation to CCCS. It means that the MS adaptation is sensitive to updates, not only
of the internal model, but also of the parameters listed above. In the AG research, the
measure of VOR responses reveal how the internal model is updated. The only measures
we have of the parameters of the symptom-path dynamics are the MS reports listed on a
0-20 scale.
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Figure II-10: Nausea path symptom dynamics. From Oman [32].
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D.2 Explanation for VOR responses: canal and otolith conflict
The eye-movement response to the CCCS was described in section C, which showed
that the direction and amplitude of the observed VOR is well explained by the angular
velocity component of the stimulus. The course of adaptation of the VOR is, however, less
well-understood. Why is the VOR adapting? Adaptation of a physiological parameter to a
stimulus generally arises because of the presence of a conflict. The brain expresses the need
for adaptation when the original response is irrelevant or inappropriate, or uncomfortable.
All of the vertical nystagmus for the yaw head turns while rotating are simply explained by
the stimulation of the vertical semicircular canals during and following the horizontal (yaw)
head turns. However, since these vertical eye-movements are not compensatory for the
platform-fixed visual field they are inappropriate - and therefore adaptation would consist
of reducing both the amplitude and the time constant of decay of the post-rotatory vertical
nystagmus. The VOR responses do adapt to the CCCS, by a change of gain and of time-
constant. A Simulink model was developed to see if canal-otolith conflicts are generated
when a head-movement is performed on the centrifuge. Its general architecture is shown on
figure II-11, and follows the concept of internal model estimates described by Merfeld , and
reviewed ealier (see figure 11-7).
Block 1 computes the equations of motion for a given pattern of HM on the centrifuge.
The inputs are the centrifuge, HM and other parameters, so that the movement computed
is similar to the one on the SRC preformed in our experiment. Block 2 computes the actual
and central estimates of the canal and otolith sensory signals. This block was provided by
Professor Merfeld, and was adapted so that it could be linked to the first block describing
the CCCS. Finally, other Matlab scripts enable us to compute the intensity of the conflict
and plot them.
The transfer function used for the SCC and otolith organs are:
Fsc_ 1 1S1/80+5 ' 1/5+s
FInternal scc = 1+3
FOTO =1
FInternal OTO = 1
The results derived from this model are mentionned in the discussion chapter V, to help
explain the trends shown by VOR parameters in our experiment.
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Figure II-11: Architecture of the model implemented in Simulink. 01 is a centrifuge fixed
point located on the axis of rotation and at the same height as the center of the head. 02
is a head fixed point around which the subject rotates his/her head. M is also a head fixed
point and represents the point where the vestibular organs are located. "In B2" means that
the w and GIF vectors are expressed in the head axis (2) although they are computed with
respect to the Earth inertial frame of reference.
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E Toward a solution to the optimization problem
Sections B, C and D provided background and review of past research in an attempt to
fully describe the Coriolis stimulus and associated response. It laid the basis for discussing
in more detail the optimization of adaptation training to CCCS, the topic of the following
paragraphs.
E.1 An adapted state with an overall minimal response to the CCCS
If minimizing one response parameter (physiological or subjective) can potentially be
easy, the general minimization problem that was introduced in section A.2 is complicated:
min R(x), with x E S,
where R is the response function, x is a vector of stimuli parameters (x 1 , ... , x), and S is
the set of all feasible Coriolis Cross-Coupled Stimuli that the subject can experience.
Minimizing one response parameter
Figure 11-12 shows, schematically, the evolution of a variable versus time in the process
of adaptation. Its value changes from status 1, before the training, to status 2 after the
training has occurred. The change in amplitude is AA over an interval At. A minimization
of the variable A could be obtained by either reducing At or, by increasing AA over a fixed
interval of time. Both solutions result in an increased slope for the decrease of the variable.
Figure 11-12: Adapting one variable.
response
parameter,
A A
path 2
path p
i time
At
A complicated, multivariable minimization problem
Two factors make this minimization problem very complicated. First, R(x) is a 2-
dimension function of many variables. Section B stated that the vector x of stimuli param-
eters includes:
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HM type, angle and velocity
Centrifuge velocity and acceleration profiles
Position of the head relative to the axis of rotation
x = Visual feedback
Exposure parameters (number and frequency of HMs)
Training parameters (number and frequency of exposures)
Section C stated that the response function includes:
R(x) = Physiological Response _PR(x) _ VOR parameters (-r and NSPV)Subjective Response SR(x) J Motion sickness and illusion scores
The lists of parameters for both the stimulus and the response are obviously not ex-
haustive. In the future, it will be further amplified as the AG-research progresses.
Second, as shown in section D, the function that associates a response R(x) to the vector
of stimulus parameters (x 1, ... , xn) is not well known.
E.2 Measuring the efficiency of the training
The objective for the adaptive state
The objective for the adapted state would be to have minimal responses PR(x) and
SR(x) for a given vector (xi, ..., X), chosen by the experimenter. Ideally, with context-
specific dual adaptation, PR(x) and SR(x) would be zero, as mentioned in section A.
Intuitively, a minimally adapted-state endpoint response can be reached if:
" the intensity of each head-movement is increased (i.e. HM angle and velocity in-
creased, centrifuge velocity increased with strong visual conflict),
" the length of the training is increased (i.e. number and frequency of HMs and expo-
sures increased).
A path-dependent efficiency
A balance needs to be found between the length of the training (determined by "exposure
and training parameters") and the stimulus intensity (determined by "HM and centrifuge
parameters"). A general hypothesis is that an increase in the length of the training leads
to lower PR(x) and SR(x) at the end of the training. An increase in the stimulus intensity
does the same thing. The latter, however, often leads to high SR(x) during training, which
makes the process of adaptation very uncomfortable for the subjects: the efficiency of the
training does not only take into account the endpoint response, but also the path of evolution
to reach this adapted-state endpoint. Hence, the criteria for the minimization problem may
not be to minimize both PR(x) and SR(x) at the same time, but:
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min R(x), with x E S, such as SR(x) < IndividualLimits,
An experiment that takes into account each individual limit might use the CSSI test, detailed
in section C.3: The intensity of the stimulus is individually selected depending on the
subject's susceptibility to motion sickness.
The efficiency of the training is measured by (1) the endpoints of PR(x) and SR(x), and
(2) the intermediate values of SR(x) along the training. This is the rationale for incremental
adaptation for which the intensity of the stimulus is slowly increased over an overall longer
training time. This keeps the scores of motion sickness and illusion low (i.e. SR(x) is small).
E.3 Introduction to the experiment conducted
The experiment described in this thesis focuses on a single stimulus parameter in order
to study its influence on the response adaptation: only the angle of head-turn varied (300,
600, 900). All the others remained constant, as shown in table II.4.
HM parameters Centrifuge parameters
type = yaw velocity = 23 rpm
angle = (30*, 600, 900) tangential angular acceleration =
velocity = 45*/sec O/sec2
Exposure parameters Training parameters
number of HMs = 36 number of exposures = 2
frequency of HMs = 45 seconds frequency of exposure = 1 day
Other parameters
position and orientation of head / axis of rotation = center, initially nose-up
visual feedback = black
gravity environment = 9.81 m/sec2
Table II.4: Stimulus parameters for the experiment.
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A Hypothesis
The main objective of this thesis is to contribute to the research effort to set up an
efficient AG-training with short-radius centrifuge. Specifically, it focuses on varying the
intensity of CCCS - we sin 0 - with constant centrifuge velocity we (23 rpm) and three dif-
ferent head-angles 0 (300, 600, 900). We are expecting to find different initial responses
and different patterns of adaptation, specific to each angle, i.e. each stimulus-intensity. We
hypothesize that the higher the intensity:
1) the more efficient the adaptation will be, as measured by reflexive eye-movements pa-
rameters;
2) the less comfortable the process of adaptation will be, as measured by motion sickness
and motion illusion scores.
B Experimental design and protocol
B.1 Design
The stimulus was a fixed sequence of 18 yaw head-turns (see figure III-1), ordered
pseudo-randomly, of angles 30, 60 or 900, each repeated 6 times within the experimental
day. Each such turn was made at the same head-velocity: 45 */sec. The same sequence
was repeated on a second consecutive experimental day, day 2. On day 1, the subject was
trained to move his head to the correct angle at the right head-speed. The Short-Radius
Centrifuge (SRC) speed is fixed at 23 rpm throughout the experiment.
The subject rotated his head to 30, 60 or 900, reported his scores - as explained in
section III-C.4 -, then brought his head back to 0, at the same angular velocity (45 0 /sec)
as before.
The following rules guided the choice of the sequence of angles. They were used to
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Figure II-1: The sequence of Head Movements followed on an experimental day
pseudo-randomize the order of appearance of the head-angles, in order to avoid incremental
adaptation to the different stimulus-intensities:
1. Each angle appears 6 times.
2. The same angle never appears twice in a row.
3. Each angle appears once in each triplet of the sequence.
4. A given consecutive pair of angles appears a minimum of two, and a maximum of four
times in the sequence. For example, a turn of 300 is followed by 600 three times; a
turn of 600 is followed by 90* 4 times. This near-uniformity is intended to minimize
the effects of the previous trial-angle.
Two 1-minute rest periods were granted to the subjects if they wished (at the 1/3-
and 2/3-points of the experiment). On each day, the subject was spun between 25 and 45
minutes, depending on the speed at which he reported his scores, and on the amount of rest
he requested.
B.2 Protocol
Pre-experiment
Before making an appointment, the subject was asked (on the phone or via email) if
he had any of the medical disqualifying factors listed in Appendix C, if he had a healthy
life style (moderate exercise semi-regularly), was within the weight and height limitations.
Subject confirmed this when he arrived on the day of the experiment, and also that he
had refrained from drug, alcohol or caffeine use in the last 24 hours of the experiment.
He was asked to carefully read the consent form and signed it. After having the subjective
measures explained, the subject was trained for the HMs he would perform. The goggles and
the yaw head-device potentiometer were then calibrated. After the canopy and blindfolds
were added, and a manual security turn of the centrifuge was done (to ensure that nothing
C. EQUIPMENT AND MEASUREMENTS
blocked the centrifuge), the subject was spun on the centrifuge. The details of the protocol
are given in the checklist (Appendix A).
Sequence of HM during centrifugation
A few minutes after the beginning of centrifugation, when the subject felt ready to
proceed, the sequence of HM described in the last section started. If the subject felt
significant motion sickness, if the eye-movement recording was faulty, or if the subject
requested it (with or without MS), the experiment was stopped in mid-sequence and its
data excluded from the analysis.
Post-experiment
While the equipment was being removed, the experimenter interviewed the subject,
questioned him about his perceptions in general and about the effect of the different head-
angles. The subject then signed the compensation form, if applicable. The eye movements
were analyzed immediately after the first day, and if the records were not unreasonably
noisy, the subject was asked to come back the next day to repeat the protocol a second
time.
C Equipment and Measurements
C.1 Centrifuge
The centrifuge used in this study is a 2 meter short-radius centrifuge (SRC), designed
and built by Peter Diamandis in 1988 [9]. The subject lies on it with his head at the center
of rotation; a footplate provides support in the radial direction. The centrifuge is covered
with a black canopy and black curtains behind the subject's head to ensure darkness, and
to reduce the aiflow on the subject's body. A Sony infrared video system provided constant
monitoring for safety and to check that subjects were complying with the protocol. For
safety reasons, the centrifuge is equipped with strong side railings, a chest seat-belt, and an
emergency-stop button.
C.2 Eye monitoring
Eye-position data is recorded with ISCAN software and infrared goggles which track
the center of the pupil in real-time. Data from the ISCAN goggles (model RK-716PCI)
is passed from the centrifuge via a slip ring to an acquisition board connected to a PC
running Windodws 95. Contrast is monitored by two small television screens which show
the image of the eyes, and by an ISCAN interface. At the beginning of the experiment, the
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Figure 111-2: Calibration set-
tings. The distance d changed
from 0.5 to 0.73 m for the sec-
d .ond half of subjects so that the
angle a was 100, as reported in
ISCAN software.
eye coordinates are calibrated: the subjects look at five dots -a fixed distance above the
head- which are displaced from the center of vision by 10 degrees. An opaque blindfold
is put on the goggles to ensure that no light enters the field of vision. Special precautions
were taken to keep the subject from blinking, especially if he wore contact lenses: The
experimenter told him to close his eyes when she saw that the VOR had vanished (after 5
to 20 seconds); they reopened them when they started the head movements.
Change in calibration settings
Mid-way of the experiments, maintenance work was made on the centrifuge equipment
(mainly to prepare for another student's experiment). At this point, we realized that the
calibration settings that had been used the past year were not accurate. During calibration
for the eye movement recordings, the subject is asked to look at four dots drawn on a cross
which are supposed to be displaced from the center of vision by an angle a of 100. The
distance d between the cross and the eyes was previously to short (about 0.5 m) so that the
angle was 15' instead of 100, but it was still recorded in the ISCAN software as a 100 angle.
The consequence was that the recorded eye-movements amplitudes were smaller than in
reality. To correct this problem, we changed the distance d from 0.5 to 0.73 m so that the
real angle of vision a between the two dots is 10', as shown on graph 111-2.
C.3 Head monitoring
a - The device for yaw HM
A helmet-mounted device helped the subject, first, to keep his head in the yaw plane
of rotation, and second, to perform head movements at the correct angle. This yaw-device
was built by Newby and described in his thesis [301. It was equipped with a potentiometer
to encode the position of the head to a voltage. This allowed us to know if the subject
was reaching the correct target angle at the correct head-velocity. The angle of HM was
converted from voltage to degrees during the analysis. The velocity of the HM was estimated
by 6016t where oR is the interval in which the subject performed a HM of angle 60.
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b - The magnets and beeps
Angle of HM
The yaw-device was equipped with magnets at 300 and 60', as shown on figure III-
3. This elegant solution was suggested by Thomas Jarchow. It gives the subject a good
indication of where 30 and 60' are located, but allows them to pass on to 90* when required.
The angles 0 and 900 angle were marked out by a metallic stop, that forced the subject to
keep within the right quadrant.
Speed of HM
The speed was dictated by rhythmic beeps which set the correct cadence for each angle.
Four beeps were played to the subject to guide each of his HMs. The first two were to
accustom him to the rhythm. The HM was to be performed between the third and fourth.
The subject's head leaves its starting position on the third beep and arrives at its target
position on the fourth. The interval between those beeps was (2/3, 4/3, and 2) seconds for
(300, 600, and 90)-turns, respectively. The HM velocity is, therefore, 45 */sec. For 600
and 900 HMs, low intermediate beeps were included halfway or a third way through to let
the subject know when he was supposed to reach intermediate magnets. The sound files
were created with a 30-day demo version of Adobe Audition 1.5 software downloaded from
the company's website (www.adobe.com).
C.4 Metrics of subjective experience
After each HM, after the VOR has stopped, subjects were asked to report:
" Motion sickness; on a scale of 0 to 20: 0 = "I feel fine", and 20 = "I'm about to
vomit".
" The magnitude of illusory sensation of motion: The illusion felt at the first head turn
(a 60-degree HM) is anchored at 10, and the others are rated compared as a ration
to this first perceived sensation, on an open-ended in which a score of 20 is twice as
intense as the standard 10 of the first sensation.
" Body tilt: When the feet are pointing to 45 minutes (and the head to 15 minutes, as
pictured on a clock, see figure 111-4) the subject perceives his body to be horizontal.
When he feels that his head is up or down, he would respectively report a number
lower or greater than 45, according to where he perceives that his feet are pointing.
Prior to centrifugation, special attention was taken to ensure that subject correctly
understood the subjective reports that he was expected to give. He was told, e.g., that the
-0
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Figure 111-3: The yaw head-turn device equipped with magnets to help subjects reach 30'
and 60' head-angles accurately.
60'- 0' 60'- 0' 60' 0'
50'
45' 15' 45' 15' 45' 15*
430
30' 30' 30'
Position at rest Pitching forward Pitching backward
Figure 111-4: Report of body tilt: subjects assess the perceived feet position based on the
clock dial analogy. Credit: Sylvain Bruni
52
D. SUBJECTS
illusory sensation of motion was a transient and changing illusion. The perception of body
tilt was, by contrast, more static and did not require that special preparation.
D Subjects
Subjects selected were primarily graduate or undergraduate students at MIT. Among
the 21 who signed the informed consent and began the experiment, 3 (14%) had to stop
because of severe motion sickness and 4 (19%) had to stop because of inappropriate eye
data - often because they were blinking which made it impossible to track the center of
their pupil. A total of 14 subjects, then, finished the two consecutive-day experiment. The
3 females and 11 males were between the ages of 18 and 37 (average 24 ± 4.5). They all
reported, prior to the experiment, that they had no neurovestibular or heart problems, and
no low blood pressure, or other disabling conditions listed in Appendix C).
E Data analysis
E.1 From the eye position to the slow-phase velocity
The raw eye position data is saved in ASCII files by ISCAN; these files include left and
right eye position in degrees, and the potentiometer voltage, both sampled at 60 Hz. To
analyze the data, Matlab scripts were developed and updated by students in the MVL from
1992 on. The Matlab files that were used are listed in Garrick-Bethell's thesis [14], with
a slight modification of eyeanal-manual.m to permit the analysis of the potentiometer
data (see Appendix E).
When the file batch-bed_ anal.m is run, the algorithms processed are as follows:
1. Relevant data is extracted from the ASCII file and saved into Matlab arrays.
2. The script detects (and removes) blinks using raw eye position data, and smoothes
by interpolation.
3. Eye-position data is filtered to enhance signal-to-noise ratio with five passes through
different filters:
* One pass through an order-statistic filter to minimize video quantization, allowing
for curved eye movements
* Two passes through a fourth-order phase-less Butterworth low-pass filter with 30
Hz corner frequency, to reduce noise
* Two additional passes through order-statistic filters, to reduce noise and sharpen
the corners of the nystagmus records
4. The filtered data is differentiated to find the velocity.
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5. An Adaptive Asymmetrically Trimmed-Mean (AATM) filter is applied to obtain the
slow-phase velocity. The AATM filter analyzes the amplitude distribution of the
data samples to determine which of the samples are slow and which are fast phases,
according to the algorithm described by Engelken [11]. The inherent supposition is
that the eye spends more time in slow than in fast phases; therefore, more samples
correspond to the slow phase velocity than to the fast phase. A histogram of the
velocity values is calculated, the extreme values are truncated - with a correction
of the skewness of the histogram - and the average value of the remainder of the
samples is calculated and identified as the slow phase velocity at the midpoint of the
(one-second sliding) window. Estimates are made for the values at the center of the
window. This algorithm was first implemented and used in the MVL by Balkwill [1].
These algorithms are performed automatically, with no intervention by the experimenter.
The next step of the analysis is performed manually (see figure 111-5). It enables us
to determine the peak amplitude of the slow phase velocity (SPV) and the time constant
of the exponential decay. Indeed, the SPV - of eye movement response to HM during
centrifugation - may be approximated as a simple exponential decay, A exp-t/T, where
A is the maximum slow phase velocity and r is the time constant of the decay. The
experimenter selects and marks, manually (see figure 111-5), the starting and ending points
of this exponential curve. An exponential best fit curve (see figure 111-6) is matched to
the SPV data so that A and T are calculated, and F-tests for simple linear regression are
carried out on a semi-log representation of the data to provide a measure of goodness of fit.
All regressions had F-values1 much greater than 3, which is the landmark for significance
at the p > 0.05 level. Another Matlab routine developed by Garrick-Bethell [14] was used
just before fitting the exponential curve when some unreasonable noise was found.
The potentiometer data was analyzed, according to the procedure described earlier in
this section, at the same time as the exponential fit was performed.
E.2 From the SPV to the NSPV
As described in chapter II, the angular velocity stimulus of a yaw HM of angle 0 is
wc sin Vb along the head-pitch axis Y2. This provokes a vertical VOR whose peak amplitude,
A, is normalized with respect to the amplitude of the stimulus:
NSPV _ Response Amplitude - AStimulus Amplitude - wc sin k
For the values of NSPV of each head-turn, the measurements of head-angle by the
potentiometer were used, and the value of the centrifuge velocity was constantly 23 rpm.
'The F-value calculated is the ratio of the regression mean square error to the residual mean square error
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Figure 111-5: Manual selection of the starting and ending points of the SPV exponential
curve. Top: SPV vs sample number (time). Bottom: Potentiometer data vs sample number
(time)
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Figure 111-6: Example of an exponential fit of the SPV data.
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E.3 Note on individual subjects
Recording the eye position requires special care. This data is often noisy when the
subject blinks or does not open his eyes properly. The experimenter wrote comments for
each subject at the end of the experiment and after the data analysis to help for explaining
the eye data. These comments were also used to exclude the subject's data when necessary.
Chapter IV
Results
The statistical analysis was performed with SYSTAT-10 software. The General Linear
Model (GLM) with repeated measures was used to determine significant main and cross
effects at the p < 0.05 level. The p-values are Huynh-Feldt-corrected, when applicable.
Effects of Day, Repetition, Angle, Direction, and previous AG-exposure were sought for the
following variables:
" Eye movement data: Time constant r (of the VOR-SPV exponential decrease), Peak-
SPV (the peak amplitude of the VOR-SPV), and NSPV (the normalized peak SPV).
" Subjective reports: MS, Illusion and Body-tilt scores
StatXact-5 was also used to perform nonparametric Page tests on the Motion Sickness and
Illusion scores. The error bars in the figures represent the standard error of the mean
(SEM).
V
V day 1 day 2
Figure IV-1: Definition of
fractional decrease.
rep1 rep12  Ume
Preliminary note on fractional decreases
All of the vertical nystagmus for the yaw head-turns while rotating are simply explained
by the stimulation of the vertical semicircular canals during and following the horizontal
(yaw) head-turns. However, since these vertical eye-movements are not compensatory for
the platform-fixed visual field they are inappropriate - and therefore adaptation would
consist of reducing both the amplitude and the time constant of decay of the post-rotatory
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vertical nystagmus. We quantify the adaptation by fractional decreases which we define as
the ratio:
Fractional decrease =y Vinitial'
where AV is the decrease in V over the course of the 12 repetitions of the same head-
angle (6 repetitions on each day), and Vnitia is the initial value of V obtained for the first
repetition, as shown on figure IV-1.
A Head- angle and velocity data
It is important for the consistency of the applied stimulus that subjects reach the target
angle accurately at the correct velocity. As described in section B.1, all head-turns were
to be performed at a velocity of 45*/sec. Figure IV-2 shows that the amplitudes of head-
turns were very close to what was requested. Figure IV-3, however, shows that there were
variations of the measured head-velocity: it was below 45*/sec for 300 head-turns and above
45*/sec for 60 and 90* head-turns. The mean head- angle and velocity is reported by trial
and subject in table IV.1.
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Figure IV-2: Measured
head-angles vs. repetition,
by target angle (all sub-
jects).
Figure IV-3: Measured
head-velocity vs. repeti-
tion, by target angle (all
subjects).
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Table IV.1: Means of measured an-
gle and velocity, by target angle.
I I I l I I I I I I I
Day 1 Day 2
._ .
1 2 3 4 5 6 7 8 9 10 11 12 13
Repetition
Target angle Measured angle Measured velocity
30* 33± 3.70 43 ±6.9*/sec
60* 61.9 ± 2.9* 46.8 ± 5.8*/sec
90* 89.8 ± 1.30 47.8 ± 5.3*/sec
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B Analysis of eye movement data
Preliminary note: Subject 9's eye movement data was excluded because he was found
to have a -barely noticeable- strabismus. Subject 2's eye data on the first day was faulty
and was also excluded.
Table IV.2 reports significant effects for each variable, as given by the GLM analysis.
zT
t
Variable Day Repetition Angle Direction Previous Angle*Rep
(1, 2) (1 to 6) (30*, 600 and (toRED, toNU) AG-exposure
900) (yes, no)
Tau (6.31, 5, 0.001) dir*rep*day AG-exp*angle*rep (2.08, 10, 0.034)
angle*rep*day
Peak-SPV (4.246, 5, 0.005) (6.002, 2, 0.01) (7.855, 1, 0.021) Trenda
NSPV (3.559, 5, 0.010) (12.054, 2, dir*angle: (7.684, 1, 0.022)
0.001) (8.207, 2, 0.006)
1_ _ AG-exp*rep*day
Table IV.2: Significant main and cross effects (p < 0.05). The triplets indicated are (F, df, p) = (F-values, degrees of freedom,
p-values). When a column's main effect is significant, a triplet (F, df, p) appears first. When a cross-effect involving that main
effect is significant, it is named and its triplet is written beneath.
aThis parameter is significant when subject 9 is added, but otherwise (1.472, 10, 0.165)
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B.1 Time-constant r
Distribution and range of r values
Histogram IV-4 shows the distribution of r for a sample of 864 VOR eye movements (12
full subjects * 72 HMs)'. The data is evidently approximately normally distributed, which
allows us to apply the GLM.
The mean (4.92 ± 1.57 seconds) is consistent with the results of previous MVL studies.
Garrick-Bethell [14] found a mean of 4.7 seconds for a sample of 240 yaw head-turns.
Significant effect of repetition on r values
The time-constant r decreases significantly vs. repetition of HMs (p = 0.001), which
confirms the expected adaptation to CCCS. Results of the 6 repetitions of each angle within
each day are shown on figure IV-6. There is no significant main-effect of angle on r values.
Effect of angle *repetition and fractional decreases in r
The initial responses for the time-constant were not dependent on the angle2 (effect of
angle not significant).
The cross-effect of angle*repetition, which was found to be significant (p = 0.034), is
not easily seen in figure IV-6. On the graph, there is a difference between the curves of
adaptation for r, but primarily on day 1. On day 2 the slopes of r vs. repetition for different
angles are indistinguishable. This different behavior on the two days explains the statistical
significance of angle*repetition*day, reported in table IV.2.
Table IV.3 gives the mean decreases in -r between repetitions 1 and 12, for each angle.
Higher head-angles have smaller fractional decreases in r.
Table IV.3: Change of the time con-
stant r during the CCCS training.
Repetition 1 Repetition 12 Change
300 5.26 3.98 -24%
600 5.82 4.42 -24%
900 5.87 4.87 -17%
'Each individual's histogram for r can be found in Appendix F.
2The initial responses take into account the values for the first repetition of each angle, on the first day
only, i.e. the first to-right-ear-down movement for each angle.
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Figure IV-4: Histogram of
r values of vertical VOR,
N = 12, n = 864, (3
Mean = 4.92±1.57sec, for
all subjects.
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B.2 Peak SPV
Peak-SPV is defined as the absolute value of the amplitude A of the SPV-exponential
decay that was found during the analysis process, as mentionned in section III-E.
Distribution and range of peak-SPV values
Histogram IV-7 shows the distribution of peak-SPV for a sample of 864 VOR eye move-
ments. The mean is (39.07 ± 19.38 deg/sec). The reason for the skewness to the right of
the distribution' is the change in centrifuge settings made mid-way of the experiments: the
eye movement calibration method changed 4. This led to higher values of SPV for the last
half of the subjects. For this reason, we chose not to transform the SPV-data before ana-
lyzing it5 . Another factor contributed to making the peak-SPV values higher for the later
subjects: Most of them had no prior experience of AG. The two factors combined (change
in calibration methods and lack of prior exposure in the second group) made the peak-SPV
data come from two separate distributions, as shown on histogram IV-8. Each subject's
histogram for the peak-SPV, in Appendix F, shows that individual data is approximatively
normally distributed, thus allowing us to apply the GLM.
Significant effect of repetition and angle on peak-SPV values
As there were on the time constant r, there were also significant effects of repetition
number (p = 0.005) and angle (p = 0.021) on the peak-SPV. Results of the 6 repetitions of
angle within each day are shown on figure IV-9.
Effect of angle *repetition and fractional decreases in peak-SPV
The initial responses6 for the peak-SPV were highly dependent on the angle with (F,
df, p)=(8.086, 2, 0.008).
On SPV, as opposed to on r, there is no significant cross-effect of angle*repetition
(p = 0.165). The graphs, however, suggest a trend, and this effect is significant when
subject 9 is added.
Table IV.4 presents the mean decreases in peak-SPV between repetitions 1 and 12, by
angle and previous AG-exposure. Smaller angles have smaller fractional decreases in peak-
SPV (seen on figure IV-9), as contrasted with r, which showed the reverse trend. On this
3 Skewness to the right means conventionally that the distribution has a long right tail.
4The calibration method was corrected because the earlier one was erroneous and led to abnormally small
eye velocity values, see the method section III-C.2 for explanation.
5 Previous MVL-AG theses did not note any skewness of SPV values.
6The initial responses take into account the values for the first repetition of each angle, on the first day
only, i.e. the first to-right-ear-down movement for each angle.
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Figure IV-7: Histogram
of peak-SPV values for
the yaw head-movements,
N = 12, n = 864,
Mean = 39.07 ±
19.38*/sec, for all sub-
jects.
100+
00
30 60 90 120
Peak-SPV (deg/sec)
40 50 60 70 80 90
Peak-SPV
Figure IV-8: Histogram of peak-SPV values for the subjects before (left)
the change of centrifuge calibration method (for each, N = 6, n = 432).
and after (right)
measure, 60' and 900, however, are indistinguishable. Also noteworthy, subjects without
prior AG-exposure had larger fractional decreases of the peak-SPV than those that had had
it, as illustrated in figure IV-9.
65
-0.16
-0.14
-0.12
.10
-U0
0
0
CDI03
Ld
.06
.04
.02
0.00
C
00
0
2t
0
a)
0
Q,
_0
0
0
CD
*P*14
Peak-SPV
10
5
0
CHAPTER IV. RESULTS
100
90
80
08 70
60
50
to) 40
S30
20
10
3 4 5 6 7 8 9 10 11 12 13
Repetition
.I6 .
Day 1
- Angle 60 deg
- VI
- I
0 1 2 3 4
Day 2
SUimLus ntensity:
wesin =120 delsee -
-
I I I I -
5 6 7 8
Repetition
9 10 11 12 13
Previous AG exposure
no
yes
0 1 2 3 4 5 6 7 8 9 10 11 12 13
Repetition
Figure IV-9: Mean peak-SPV values of vertical VOR vs. repetition number, by angle and
previous AG-exposure
Table IV.4: Change of
the peak-SPV during the
CCCS training.
Angle Prev. AG-exp Repetition 1 Repetition 12 Change
30* no 43.7 37.45 -14%
yes 25.29 28.93 +14%
600 no 61.83 45.62 -26%
-i r~II1
yes 5.8 3U.3 -17
900 no 61.39 43.36 -29%
yes 36.01 30.04 -17%
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B.3 NSPV
Distribution and range of NSPV values
Histogram IV-10 shows the distribution of NSPV for a sample of 864 VOR eye move-
ments. The mean is 0.362 ± 0.181. The NSPV distribution is also skewed to the right,
as the peak-SPV distribution was. The two separate distributions of NSPV, coming from
data collected before and after the calibration-settings changes are shown in histogram F-1
in Appendix F. Each subject's histogram for NSPV, in Appendix F, shows that individ-
ual data is approximatively normally distributed, thus allowing us to apply the GLM. The
group after the changes had a mean NSPV of 0.46 ± 0.21, and the group before the changes
had a mean NSPV of 0.27 t 0.11. Note that the values of NSPV found in this experiment
are within a correct range. As expected from the paragraph on the VOR in the background
chapter, theses means are smaller than 0.7: The typical value of angular VOR in normal hu-
mans during rotation in the dark - on a Barany chair, without head movements - generally
lies between 0.5 and 0.7 (Cohen and Raphan [20]).
150 .I I I .
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Figure IV-10: Histogram 100 .12 0
of NSPV values for the .-. 10 a
yaw head-movements, - .08
N = 12, n = 864,
Mean = 0.362 ± 0.181, for -0.04
all subjects. 04
-0.02
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NSPV
Significant effect of repetition and angle on NSPV values
The initial responses7 for the NSPV were not dependent on the angle of head-turn (effect
of angle not significant).
Like the General Linear Model (GLM) analysis of SPV, that of NSPV shows a significant
effect of repetition (p = 0.01) and of angle (p = 0.001).
7 The initial responses take into account the values for the first repetition of each angle, on the first day
only, i.e. the first to-right-ear-down movement for each angle.
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Effect of angle *repetition and fractional decreases in NSPV
On NSPV, as opposed to on r, there is no significant cross-effect of angle*repetition. The
graphs and the fractional decreases calculated, however, suggest a trend. Table IV.5 gives
the mean decreases in NSPV between repetitions 1 and 12, for each angle. Smaller head-
angles have smaller fractional decreases in NSPV. Also, subjects with no prior experience of
AG had larger fractional decreases. The values given in table IV.5 illustrate the significant
effect of prior AG-exposure (p = 0.022), as shown by the curves in figure IV-9.
Horizontal VOR vs Vertical VOR
The time constants found for vertical-VOR (VVOR) in this experiment are consistent
with previous findings of AG-experiments. The gain and r values, are smaller than what
would be expected for horizontal-VOR (HVOR), as created by a pitch movement on the
MIT-SRC. Garrick-Bethell [14] combined pitch and yaw movements in his experiments. He
found a mean time constant -r at 9.3 seconds for HVOR, and at 4.7 seconds for VVOR. His
findings do not include mean values for the NSPV gain of VOR, although his graphs show
that NSPV values appear slightly higher for HVOR (around 0.4) than for VVOR (around
0.3). The response to pitch movement, i.e. HVOR, is stronger; the signal-to-noise ratio of
the data is therefore lower and the analysis process is simplified. We recommend for future
experiments to use the pitch movements as often as possible.
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Figure IV-11: Mean NSPV values of vertical VOR vs.
previous AG-exposure
Table IV.5: Change of the
NSPV during the CCCS
training.
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Angle Prev. AG-exp Repetition 1 Repetition 12 Change
300 no 0.519 0.439 -15%
yes 0.327 0.386 +18%
600 no 0.51 0.376 -26%
yes 0.347 0.252 -27%
900 no 0.485 0.314 -35%
yes 0.261 0.218 -16%
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C Analysis of subjective reports data
Preliminary note: Unless otherwise noted, subjects 1, 3, 8, 11 and 14 were excluded
from the analysis of motion sickness (and sometimes for illusion) scores: Their MS scores
were all zeroes in the experiment.
Table IV.6 reports significant GLM effects for each variable.
Variable Day Repetition Angle Direction Previous Angle*Rep
(1, 2) (1 to 6) (300, 600 and (toRED, toNU) AG-exposure
900) (yes, no)
MS (5.998, 2, 0.018) (6.788, 1, 0.026) angle*rep*day
MS without day*angle: (16.374, 2, (28.364, 1, (2.117, 10, 0.04)
S = 1, 3, 8, 11, 14 (4.913, 2, 0.04) 0.001) 0.003)
angle*rep*day
dir*angle:
(4.759, 2, 0.035)
MS without Trend: (11.107, 2, (7.256, 1, 0.036) angle*rep*day
S = 1, 3, 8, 11, 14 (4.034, 1, 0.091) 0.002)
and without Rep 1 dir*angle:
day*angle: (3.958, 2, 0.048)
(5.25, 2, 0.026)
dir*day:
(7.797, 1, 0.031)
dir*rep:
(6.061, 4, 0.002)
Illusion (9.556, 1, 0.01) (7.927, 5, 0.001) (16.376, 2, (9.423, 1, 0.011)
0.001)
dir*angle:
(5.156, 2, 0.015)
dir*rep:
(3.431, 5, 0.041)
Body tilt (11.660, 1,
0.006)
dir*day:
(5.692, 1, 0.036)
dir*angle:
(6.218, 2, 0.01)
Table IV.6: Significant main and cross effects (p < 0.05). The triplets indicated in case of significance are (F, df, p) = (F-values,
degrees of freedom, p-values). When a column's main effect is significant, a triplet (F, df, p) appears first. When a cross-effect
involving that main effect is significant, it is named and its triplet is written beneath.
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C.1 Motion sickness
Motion sickness scores depend significantly on angle (p = 0.001) and direction (p =
0.003) when unsusceptible subjects are excluded (This effect is also significant when they
are included). When scores of the first repetition of each angle are also removed from the
data pool, there is a significant effect of day (p = 0.026). The reason for removing these
first repetitions is that on day 1, almost all subjects start with a score of 0 for their first
HM, after which the scores build up rapidly. Figure IV-12 shows how the means of MS
scores change with repetition.
These analyses, however, are only advisory since the GLM is not properly applicable
to such data8 . Therefore, we have applied a more robust analysis which does not rely on
questionable underlying premises. The non-parametric Page test was performed on the MS
scores with StatXact-5 software. It tests for monotonicity by angle, day and direction. The
results are reported in table IV.7. Each number represents the p-value by which the null
hypothesis (no trend) is rejected by the subject sample, collectively.
In the "trend over repetition" section of table IV.7, the numbers represent the trend
of MS scores over the repetitions 2 to 6 (for each day, angle and direction). The "trend
over angle" section tests for trend among the 3 median values (one for each angle), each
measurement representing measurements of 5 MS scores (the 5 repetitions) for each day and
direction9 . That way, a significant effect (for a selected day and direction) tells us that the
median value of MS scores for 300 head-turns is smaller than the median value of MS scores
for 600 head-turns, which is, in turn, smaller that the median value for 900 head-turns'0 .
The statistical significance of this "trend over angle" on day 2 (p = 0.006 and p = 0.019)
implies that when the stimulus has a higher intensity, i.e. at higher head-angles, the MS
scores are higher: as expected, greater angles makes subjects sicker.
8 Each's subject motion sickness data is not normally distributed, an underlying premise without which
the GLM is not properly applicable.
9 Those medians are shown on figure IV-13; each point represents an average over subjects.
'
0 The graph of the average among subjects of these median values is shown on figure IV-13.
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Figure IV-12: Mean MS
scores vs. repetition, by
angle (6 repetitions of each
angle on each day).
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Direction toRED toNU
Day 1 2 1 2
Angle 300 0.007 0.018 0.102 0.304
Trend over repetition Angle 600 0.014 0.024 0.298 0.450
Angle 90* 0.024 0.169 0.044 0.280
Trend over angle 0.210 (no change) 0.006 0.019
Table IV.7: Page-test scores show significant effects of angle, direction and day on motion
sickness. The "trend over angle" section tests for trend among the 3 median values (one for
each angle), each measurement representing measurements of 5 MS scores (the 5 repetitions)
for each day and direction. That way, a significant effect (for a selected day and direction)
tells us that the median value of MS scores for 300 head-turns is smaller than the median
value of MS scores for 600 head-turns, which is, in turn, smaller that the median value for
900 head-turns. See text for more details.
Figure IV-13: Median of
MS scores over repetition.
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C.2 Illusion
There are significant effects of day (p = 0.01), repetition (p = 0.001), angle (p = 0.001)
and direction (p = 0.011) on the illusion scores. Figure IV-14 shows how the means of
illusion scores change with repetition and direction of HM. Page tests were also performed;
the results are reported on table IV.9. The medians are shown on figure IV-15 (see the MS
score analysis for the explanation of Page tests and median values).
Table IV.8 gives the mean decreases in illusion between repetitions 1 and 12, for each
angle. Small angle head-movements lead to small illusion scores which have higher fractional
decreases. The typical asymmetry noted in previous MVL-AG theses is confirmed here: to-
NU head-turns provoke more illusory motion sensation than to-RED turns do.
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Figure IV-14: Mean illusion scores vs. repetition, for each angle, by direction of HM.
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Table IV.8: Change of illusion dur-
ing the CCCS training.
Repetition 1 Repetition 12 Change
toRED 300 8.1 4.1 -49%
600 10 7.3 -27%
90* 12.8 7.5 -41%
toNU 30* 11.7 5.6 -52%
600 15.5 10 -35%
900 16.6 10.6 -36%
Direction toRED toNU
Day 1 2 1 2
Angle 300 0.133 0.001 0.492 0.00005
Trend over repetition Angle 600 0.415 0.0017 0.475 0.00005
Angle 900 0.121 0.0020 0.067 0.0037
Trend over angle 1 0.0014 0.0006 0.00005 0.0011
Table IV.9: Page-test scores show significant effects of angle and direction on illusion. The
"trend over angle" section tests for trend among the 3 median values (one for each angle),
each measurement representing measurements of 5 MS scores (the 5 repetitions) for each
day and direction. That way, a significant effect (for a selected day and direction) tells us
that the median value of illusion scores for 300 head-turns is smaller than the median value
of illusion scores for 600 head-turns, which is, in turn, smaller that the median value for 900
head-turns. See text for more details.
Figure IV-15: Median of
illusion scores over repeti-
tion.
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C.3 Body tilt
There is a significant effect of direction (p = 0.006) on the body-tilt scores. Figure IV-
16 shows how the means depend on repetition. Interestingly, subjects report a feet-down
illusory tilt after a "to-nose-up" head-turn, whereas they report purely horizontal body
position after a "to-right-ear-down" head-turn. Figure IV-16 shows that this illusory tilt
is smaller on day 2, which illustrates the source of the significant effect of direction*day
(p 0.036).
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Chapter V
Discussion
A Overview of key findings
1. The pattern of adaptation is different for the time-constant r from that of the ampli-
tude of the VOR: higher fractional decreases in r are found at smaller angles, but in
peak-SPV and NSPV, higher fractional decreases are found at higher angles.
2. Small head-angles correspond to small intensity of CCCS, i.e. small conflict, which
leads to less discomfort, i.e. low motion sickness and illusion scores, but also to weaker
adaptation.
3. When subjects are already familiar with the AG environment, their VOR amplitudes
and time constants are smaller, and show smaller fractional decreases.
4. Subjects feel a(n) (illusory) feet-down tilt after to-NU head-turns, but they feel hori-
zontal after to-RED head-turns.
B Explanation of key findings
B.1 Patterns of adaptation for r and NSPV
Key finding 1: The pattern of adaptation is different for the time-constant r from that
of the amplitude of the VOR: higher fractional decreases in r are found at smaller angles,
but in peak-SPV and NSPV, higher fractional decreases are found at higher angles.
All three measured VOR-parameters (r, peak-SPV and NSPV) are significantly de-
creased with repetition, giving evidence of the neural plasticity of VOR physiological pa-
rameters, as mentioned in section II-A. There is no main-effect of angle on r, but there
is a significant cross-effect of angle*repetition - a different time-course of adaptation as
between angles: Higher angles have smaller fractional decreases. There is both a significant
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main-effect of angle and a significant cross-effect of angle*repetition on A, the peak-SPV.
The angle*repetition effect on A, however, is the the reverse of the one seen on r: The
higher angles have higher (not lower) fractional decreases. There is a main-effect of angle
on the NSPV, but no cross-effect of angle*repetition. The analysis of fractional decreases
on NSPV, however, indicate that higher angles have higher fractional decreases.
To summarize, the pattern of adaptation is:
" for small angles: large fractional decreases in r and small fractional decrease in peak-
SPV and NSPV,
" for large angles: small fractional decreases in r and large fractional decrease in peak-
SPV and NPSV.
The relevance of the normalization of SPV
NSPV was found to adequately normalize the VOR: Although the initial responses of
peak-SPV were significantly higher with higher angle, there was no significant effect of angle
on the initial responses of NSPV. Table V.1 reports the means found for the peak-SPV and
NSPV, with their percentage decrement for a comparison with the 300 response. The values
analyzed hereafter were taken for the first repetition of each response for the subjects who
never had prior-exposure to the Coriolis Stimulus. The peak-SPV values for 600 and 900
responses are higher by 40% than that of 300 response. The NSPV values, however, are
smaller only by less than 7% for 600 and 900 compared to 300 responses. This supports the
view that the normalization process is satisfactory and relevant.
Table V.1: An appropriate normal-
ization process: means of NSPV
and SPV for subject without prior
exposure to AG and all subjects
SPV NSPV
Subjects without prior exposure to AG
30* 43.7 0.52
600 61.83 +41% 0.51 -2%
900 61.39 +40% 0.49 -7%
All subjects
30* 33.78 0.45
600 51.83 +53% 0.43 -5%
900 51.43 +52% 0.37 -17%
When the overall responses (not only the initial responses) are analyzed, both the peak-
SPV and the NSPV were significantly dependent on angle. This happens because the rate
of adaptation is specific to each angle.
A stronger VOR-adaptation for large angles?
The hypothesis was that higher intensities of CCCS would lead to higher fractional
decreases in T and NSPV. This would have suggested that VOR-adaptation is more efficient
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with large-angle training. The results, however, support the hypothesis for NSPV, but not
for r. We therefore need to examine carefully whether the conclusion of VOR-adaptation
efficiency can still be drawn. That is the purpose of the next paragraph, which leads to
this conclusion: Overall, adaptation is more efficient with large-angle than with small-angle
head-movements.
Graph V-1 shows schematically (this is not real data):
1. the initial un-adapted normalized-SPV response, with the simplifying assumption that
it is the same for large and small angles. The equation for the solid curve called
"unadapted initial response" is: NSPV = NSPV x exp-t/Th, where here, NPSV = 1
and ro = 1.
2. the adapted normalized-SPV response after a training with small angles. Given the
result cited above, the fractional decrease in -r is large (e.g. -45% on the dashed
curve), and that of the peak-NSPV is small (e.g. -10%). In this example, the new
equation for the VOR-exponential decay is, after adaptation with small head-angles:
NSPV = 0.9 -NSPV x exp-t/(0.55-To).
3. the adapted normalized-SPV response after a training with large angles. In contrast
with the training with small-angles, the fractional decrease in r is small (e.g. -10%
on the dotted curve), and that of the peak-NSPV is large (e.g. -45%). In this
example, the new equation for the VOR-exponential decay is, after adaptation with
large head-angles: NSPV = 0.55 - NSPV x exp-t/(0.9 ro).
This examples supports the view that overall the VOR-adaptation is stronger for larger
angles: overall, the eye is less displaced after a large-angle training.
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B. EXPLANATION OF KEY FINDINGS
Effects on r
The absence of a significant main-effect of angle with the significant cross-effect of an-
gle*repetition on r - the reverse of what was expected - are puzzling only at first. First,
little is known about the dependence of r on the intensity of CCCS: A linear model where
higher stimulus intensities lead to higher decrease in r may be too simplistic. Other experi-
ments with varying intensities of CCCS could be conducted to confirm or reject this result.
Second, the time-constant that has been analyzed is the apparent/dominant time constant.
The angular-VOR (aVOR) decay, however, may require two time-constants: one associated
with the decay in the VIIIth nerve activity and another with the dynamics of the velocity-
storage integrator. The time constant of the VIIIth nerve activity depends solely on cupula
dynamics and hair cell transduction, but the time course of central processing of the aVOR
is critically dependent on previous motion experience and adaptation (Raphan [39]). This
may explain why the effects observed on the single apparent time-constant are not fully
persuasive.
Visual feedback and NSPV adaptation
Brown [5] found that the amplitude of the peak-SPV, as well as the NSPV, required a
strong retinal slip conflict to force adaptation. More specifically, the VOR adaptation was
not discernable for subjects who were in a dark environment, with blindfolds. The present
results, however, show that all three VOR parameters (r, peak-SPV and NSPV) were
significantly decreased, despite our subjects were blindfolded too. We therefore conclude
that if visual feedback may help for stronger VOR adaptation, this visual condition of light
is not a necessary one.
B.2 The effects of small intensities of CCCS
Key finding 2: Small head-angles correspond to small intensity of CCCS, i.e. small
conflict, which leads to less discomfort, i.e. low motion sickness and illusion scores, but
also to weaker adaptation.
The experimental results confirm the prediction made by analyzing of the angular ve-
locity stimulus, we sin 4 - the stimulus felt during a head-turn on the centrifuge. In theory
(and in fact), we can reduce the CCCS either by reducing the centrifuge velocity we or by
reducing sin V) (4' is the angle of the head-turn).
There is often a significant main-effect of angle 0 on the scores and measures and,
in addition, a significant cross-effect of angle*repetition which indicates different trends of
adaptation of those measures for different angles: the motion sickness and illusion scores are
weaker for angle 300 than for 60' or for 90* (graphs IV-12 and IV-14), on MS, p = 0.002, and
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on illusion, p = 0.001. Although the effect of angle is not significant on the time constant
r, it is significant on peak-SPV (p = 0.010) and on NSPV (p = 0.001).
The peak-SPV and NSPV show similar patterns of adaptation for angles 60* and 900
(high fractional decreases), but very small fractional decreases for 300. This is one of many
examples of an effect in which 30* is substantially different from 60* and 900 which are
barely distinguishable (This is unsurprising since the sine values are so far apart: 0.50 vs.
0.87 and 1.0).
This result supports the view that the SCC are indeed responsive to the angular veloc-
ity stimulus, we sin 4. Both physiological -VOR- and subjective -MS, illusion- responses are
sensitive to angular velocity sensed by the corresponding receptors, the SCC.
This study also supports the arguments mentioned in background section E.2: by in-
creasing the intensity of stimulus, the overall VOR-adaptation is stronger. Stated in the
language of section E.2, the adapted-state Physiological Response (PR(x)) is smaller. In
contrast, the head-turns are less comfortable, i.e. the intermediate values of Subjective
Response (SR(x)) are not minimal during the training.
Otolith conflict to explain difference between small and large angle adaptation
Our results indicated that the peak-SPV and NSPV adapted with small fractional de-
creases when the stimulus is made of small head-angles. The stimulus to the semi-circular
canals is proportional to the intensity of the stimulus; the otoliths organs, in contrast, are
slightly displaced during head-movements, and their orientation relative to gravity changes
when the head-position is 30*, 60' or 90*. Several studies showed that the dynamic proper-
ties of aVOR are modified by otolith inputs. Central processing of the aVOR is dependent
on head-tilt with respect to the gravito-inertial force. Orientation information arising in
the otoliths interacts with the aVOR centrally through the velocity-storage mechanism that
is responsible for optokinetic after-nystagmus and for the long time-constant of the aVOR
(Raphan [38]). Dai et al [8], e.g., have shown that this orientation effect (on the aVOR)
rotates the eye-velocity vector toward the gravito-inertial acceleration (GIA) vector when
there is misalignment between the GIA and the axis of rotation. During small- and large-
angle head-turns, both the SCC and the otolith inputs vary. If the stimulation were purely
angular, as it would be if the same experiment were performed in microgravity, the frac-
tional decreases might have been similar for small and large head-angles stimuli. Because
the otolith signal is different (on Earth), the adaptation of VOR caused by large angles is
stronger. The model described in the background D.2 strongly suggests this interpretation.
It indicates, as shown on figure V-2, that both the canal and otolith conflicts - between
actual signal and internal estimates - increase when the angle of head-turn increases. The
canal conflict increases linearly and very slightly; the otolith conflict increases sinusoidally
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Intensity of the conflict signal - Canal + Otolith
70,
Figure V-2: Prediction of
the Simulink model for
the amount of canal and
otolith conflict (between
internal estimates and ac-
tual signal).
20 30 40 50 00 70 80 90
Angle of head movement (deg)
(figure V-2). The amount of conflict is defined by the integral of the magnitude of the con-
flict. This figure shows the amount of conflict generated by one head-turn, performed 50
seconds after the bed begins to spin. The head-angle varies, and the head-velocity remains
constant, similarly to our experimental design.
B.3 The effects of prior-exposure to CCCS
Key finding 3: When subjects are already familiar with the AG environment, their VOR
amplitudes and time constants are smaller, and show smaller fractional decreases.
There is a significant effect of prior AG-exposure on peak-SPV (p = 0.021) and on
NSPV (p = 0.022). Figures IV-9 and IV-11 show smaller VOR amplitudes for subjects who
had prior exposure to AG. The time-slope of adaptation is also smaller for them. There
is no effect of prior AG-exposure on the time constant, but histogram IV-5 suggests that
subjects with prior exposure of AG have smaller values of r. This finding confirms Sienko's
results [44] who found that adaptation was partially retained over five days. The already
exposed subjects in our experiment had been exposed to AG between three weeks and four
month before, providing further evidence of retention of adaptation to the CCCS.
An asymptotic adaptation process
This result suggests that the adaptation process is not linear in time as the training
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progresses. In early stages of the training, the parameters (SPV and -r) decrease quickly
and efficiently. When a subject has already been exposed, however, the decreases are small,
as if the adaptation curve were slowly reaching a horizontal asymptote: As the training
progresses in time, the time-slopes of adaptation become smaller, so that it becomes more
difficult adapt the different parameters. Sienko [44] reported this result from a ten-day
experiment she performed on herself as subject: she found that the VOR gain can be
decreased from 100% to 70% of its initial value in the first two days, but that the decrease
from 70% to 40% took more than two days. This suggests that the training may require a
long time (perhaps several weeks) to reach a no-VOR status, if indeed that is possible at
all.
B.4 Illusory body-tilt
Key finding 4: Subjects feel a(n) (illusory) feet-down tilt after to-NU head-turns, but
they feel horizontal after to-RED head-turns.
This finding confirms the asymmetry between to-RED and to-NU head movements,
mentioned by Newby [30]. It suggests that other sensors are involved in the response
to CCCS. Although the main conflict arises from the stimulus sensed by the SCC, the
asymmetry may arise because of the orientation of the otoliths organs relative to gravity.
This result does not fit the expectations generated by Mittelstaedt's results [28]. He found
that when subjects are lying on their RED-side on a rotating centrifuge (similar to our
SRC), they report a feet-down body position (as opposed to the horizontal position we
found). We found a similar report of feet-down illusory body-tilt, but only for the NU
head-position. The present results on body-tilt may be more easily explained when they
are combined with the results on motion illusion: to-NU movements create more intense
motion illusions, which, in turn, provoke an illusory feet-down body-tilt.
C Limitations for this experiment and recommendations
Accuracy in head- angle and velocity.
Special equipment was used to ensure that subjects reached the target angle accurately
at the correct velocity. The method achieved satisfactory accuracy for the head-angle, as
discussed in section IV-A. The head-velocity, however, was less precise: it averaged 43*/sec
(rather than 45 0/sec) when the target angle was 300 and 47*/sec when the target angles
were 60* and 900. These deviations from the target head-speeds, by changing the stimulus
encountered during head-turns, introduce artifacts and a spurious cross-effects in the angle.
As mentioned earlier, we strongly believe that the head-velocity contributes transiently -
only as long as the head is moved - and is therefore of lesser importance in determining of
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the intensity of CCCS. We therefore recommend an experimental test of this hypothesis,
in which subjects would always reach the same angle, but at different head-velocities. If
the hypothesis is rejected, i.e. if the velocity of head-movement contributes significantly
to the intensity of CCCS, then the results of present thesis would have to be re-analyzed
to determine if variations of 40/sec (= 47 - 43*/sec) i.e., 10%, in head-velocity are strong
enough to skew the pattern of adaptation of the VOR parameters.
Change in calibration settings mid-way of the experiment
It was necessary to change the calibration settings (described in III-C.2), but it led to
variations in the amplitude of VOR eye-movements. As mentioned in IV-B, it coincided
with another confounding factor. The later group of subjects with the new calibration
method happened to be almost exactly the group without prior experience of AG. Therefore
this group had higher values of NSPV: with a mean of 0.46 t 0.21 (the first group had
a mean of 0.27 ± 0.11). Previous AG-MVL thesis (Brown [5], Newby [30], Sienko [44],
Garrick-Bethell [14]) reported mean values around 0.3 or 0.4. The general conclusions of
this experiments still hold if early measurements are corrected. This problem was only a
calibration problem which is easily corrected by multiplying the first set of peak-SPV (and
NSPV) data by a constant.
Algorithms for eye-movement analysis: Are artifacts introduced?
The analysis that gives the SPV from the raw eye-position data was described in sec-
tion III-E. Its algorithms were developped more than ten years ago and used for the analysis
of Skylab M131 experiments' data as well as for all the AG experiments' data. Some users
have mentioned the limitations of these algorithms, which were encountered in this exper-
iment too. At the beginning of the eye-movement, one of our subjects had its slow-phase
velocity beating faster than its fast-phase. As a consequence, the algorithm eliminated the
slow-phase as opposed to the fast-phase! The initial peak amplitude of SPV was then in
the opposite direction to that expected. After a second, the fast phases became faster than
the slow phases (normal behavior for which the algorithms were designed). This transient
problem, however, led to errouneous values of peak-SPV for this subject. We thus recom-
mend, for further experiments, that one tries other tools of analysis and compare the two
analyzed data sets to check for consistency of results.
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D Implications
Developing an efficient training to the CCCS stimulus
A range of head-angles should be used in the process of developing an efficient AG-
training, as a range of centrifuge velocities has been used in past experiments. Varying the
head-angle represents a potentially easy alternative to varying the centrifuge velocity, while
preserving the level of CCCS. In the present study, we find that the effects of 600 and 90*
angles are barely distinguishable; we therefore do not recommend using the 90* movements
which are often painful for the less flexible subjects.
A compromise to find
A compromise must still be found for AG-training between low- and high-intensity of
CCCS. The former leads to less discomfort and weaker adaptation; the latter, to greater
adaptation but more discomfort. Both parameters head-angle V and centrifuge-velocity We
should be exploited in search of an efficient training. Graph V-3 shows three lines of iso-
intensity of CCCS. It assumes that the value of angular velocity we sin#O drives the intensity.
Two pairs of points are shown: (A,B) and (C,D) represent respectively a low- and high-
intensity of stimulus. Performing a 30* head-turn on a 23 rpm centrifuge (point B) gives
the same intensity as performing a 60* head-turn on a 13.5 rpm centrifuge (point A), in
theory. A and B are on an iso-intensity line. Similarly, C and D are on an iso-intensity line
(higher than that of A and B): Performing a head-turn with (we, V))=(23 rpm, 60') creates
the same intensity as (40 rpm, 30*). This result is only suggestive since it assumes that
the intensity of conflict is determined mainly by the angular velocity stimulus to the SCC,
all other parameters (centrifuge acceleration, head velocity, etc. as listed in section II-A)
being constant.
Incremental adaptation
The MVL has begun to study the benefits of incremental adaptation. These studies can
be combined with the result of the present thesis to create a double incremental adaptation
by slowly increasing the intensity of stimulus as shown on the iso-intensity lines. Are there
more benefits when this intensity is increased horizontally (e.g., from point B to point D)
or vertically (e.g., from point B to point C)?
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Chapter VI
Conclusion
Artificial Gravity (AG) created by high-speed rotation is a promising method for pre-
venting serious deconditioning associated with prolonged exposure to weightlessness. Un-
fortunately, head-movements in a rotating environment create Coriolis cross-coupled stimuli
that introduce problematic vestibular responses. Earlier studies have shown that adaptation
-at least partial- to these stimuli is possible, and that side-effects are reduced at the end of
the training. This thesis seeks to contribute to the understanding of the much more compli-
cated problem of optimization and efficiency in AG-training. We found that the intensity of
the Coriolis cross-coupled stimulus, as provided by different angles of head-movement, drives
different patterns of adaptation for subjective and physiological responses. Especially, small
head-angles correspond to small intensity of Coriolis stimulus which leads to less discomfort,
i.e. low motion sickness and illusion scores, but also to weaker VOR-adaptation.
Future work should focus on characterizing the adaptation of the response parameters
when the stimulus parameters are varied. Finding those adaptation patterns will help define
the requirements of an efficient AG-training.
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Appendix A
Protocol's Checklist
Phone call with the subject %/
phone number
ask about medical factors, checked on the website
ask about previous motion sickness experience
tell them about not being paid if international student with RA
Equipment checking, 15 minutes before the subject arrives
put up experiment in progress sign
turn on bottom VCR, 3 monitors, 2 computers
turn on bed, goggle power (the one switch)
check battery voltage, hook up second battery
turn on camera, unhook charger
When the subject arrives
consent form
OK about medical pb
OK about payment
tell subject about head moves, 3 runs, beeps, train
tell subject to state motion sickness, illusion, body tilt
close eyes between movements, wide open during and after
Subject goes on the bed
put on goggles, helmet, seat belt, foot rest, mention emergency stop
extra weight for light subjects
turn on goggles (2 switches)
Calibration
turn on EYESCAN
adjust contrast only white in pupils
calibrate eyes diameter
don't readjust goggles again
R record, move to 30, 60, 90, and back without beeps, Q quit
Beginning of the experiment
canopy
go around once manually, safety check
light (desk light on)
slowly spin up to 23 rpm, check if subject is ok
After the experiment
save data (save excel file, M move, F file, A save ascii data file, subject ss[initialsld#,
enter subject name, enter)
compensation form
make plans for day 2
Turn off everything V
turn off goggles (2 switches then 1)
disconnect battery
turn off camera, plug in
turn of bed
save ascii data and excel data to zip disc
turn off 2 computers, VCR, 3 monitors
take down experiment in progress sign
Appendix B
Consent Form
MASSACHUSETTS INSTITUTE OF TECHNOLOGY
MAN-VEHICLE LABORATORY
CONTEXT-SPECIFIC ADAPTATION OF OCULOMOTOR RESPONSES TO
CENTRIFUGATION
CONSENT FORM
I have been asked to participate in a study on adaptation to movement in a rotating
environment. I understand that participation is voluntary and that I may end my participa-
tion at any time for any reason. I understand that I should not participate in this study if I
have any medical heart conditions, respiratory conditions, if I have any medical conditions
which would be triggered if I develop motion sickness, if I am under the influence of alcohol,
caffeine, anti-depressants, or sedatives, if I have suffered in the past from a serious head
injury (concussion), or if there is any possibility that I may be pregnant. My participation
as a subject on the MIT Artificial Gravity Simulator (AGS) involves either the testing of
equipment or actual experimental trials.
Prior to rotation on the AGS, I will be oriented to the rotator and data acquisition
instrumentation. I understand that my height, weight, heart rate, blood pressure, and
general medical history may be measured and recorded. During the experiment I will lie in
either the supine, the prone position, or on the side on the rotator bed. If I am in the prone
or side position my head will be supported by a pivoting, cushioned headrest. The headrest
will allow me to make a free range of head movements to the left and the right, and I will be
in full control of my head movements at all times. If I experience any discomfort from head
movements while in either the prone or the supine position, I am free to discontinue the
movements at any time. During the experiment, I will also wear eye imaging goggles. How
this device will feel has been described to me. I agree to participate in possible stationary
monitoring periods before and/or after rotation. My rotation on the AGS will not exceed
the following parameters:
* acceleration no greater than 1 rpm/s
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" G level at my feet no greater than 1.5 G
* time of rotation not exceeding 1 hour
I understand that these parameters are well within the safe limits for short-radius rota-
tion. I can terminate rotation at any time by pressing the emergency stop button, the use
of which has been demonstrated to me. I understand that during rotation I may develop
a headache or feel pressure in my legs caused by a fluid shift due to centrifugation. I may
also experience nausea or motion sickness, especially as a result of the required head move-
ments. The experimenter may terminate the experiment if I report a pre-determined degree
of motion sickness symptoms. In addition, I understand that my heart rate may increase
due to the rotation speed; this is no greater than that sustained during aerobic exercise. I
understand that serious injury could result from falling off the AGS while it is rotating. I
will be loosely restrained at by a safety belt, which is to be worn around the waist/chest
at all times while the AGS is rotating. In addition, the AGS is equipped with strong side
railings similar to those on a hospital bed, and it is covered by a steel-framed canopy. I will
be continuously monitored by at least one experimenter in the same room. The investigator
can also see me through a video camera mounted on the AGS, and in this way determine
the nature of any problems that arise.
During and after the experiment I will be asked to report my subjective experience (how
I feel, how I think I perceive my head movements, etc.). In addition, I will be asked to report
a motion sickness rating during the experiment. This data will be recorded anonymously.
If I am a participant in experimental trials, I tentatively agree to return for additional
trials (at most 10) requested by the experimenter. I understand that a possible protocol for
an actual trial will consist of a short period of supine rest in the dark, followed by a period
of head movements (ranging from 90 degrees to the left, to vertical, to 90 degrees to the
right) in the dark, followed by a period of similar head movements in the light, and that
this trial could be repeated many times. During these head movements, my head will move
at approximately a speed of 0.25 meters per second.
In the unlikely event of physical injury resulting from participation in this research, I
understand that medical treatment will be available from the MIT Medical Department,
including first aid emergency treatment and follow-up care as needed, and that my insurance
carrier may be billed for the cost of such treatment. However, no compensation can be
provided for medical care apart from the foregoing. I further understand that making
such medical treatment available, or providing it, does not imply that such injury is the
investigator's fault. I also understand that by my participation in this study I am not
waiving any of my legal rights (further information may be obtained by calling the Institute's
Insurance and Legal Affairs Office at 253-2822). Monetary compensation for those who are
not members of the Man-Vehicle Laboratory will be $10 per hour. Subjects from the Man-
Vehicle Lab will be taken on a voluntary basis and will not be paid.
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I understand that I may also contact the Chairman of the Committee on the Use of
Humans as Experimental Subjects, Leigh Firn, M.D. (MIT E23-389, 253-6787), if I feel I
have been treated unfairly as a subject. I have been informed as to the nature of and the
purpose of this experiment and the risks involved, and agree to participate in the experiment.
In case I experience any discomfort, I am free to discontinue the head-movements any time
I wish to do so. I understand that I will receive a copy of this consent form.
Subject Date Experimenter
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Appendix C
Dysqualifying medical conditions
Subject either reads this information or the experimenter asks the subject (from Garrick-
Bethell [14]).
* Subject must be under 200lbs, between 5'2" and 6'0", and have abstained from caffeine
use in the past 24 hours and alcohol use in the last 48 hours.
" Experiences with rotating devices, especially those used in a research environment
" Possibility of pregnancy
" Any conditions that could be aggravated by motion sickness
" Frequent or severe headaches
e Dizziness or fainting spells
e Paralysis
" Epilepsy
" Disturbances in consciousness
" Loss of control of nervous system functions
" Neurological problems
" Neuritis
" Loss of memory or amnesia
" Lazy eye
" Evident strabismus (cross-eye)
" Cylindrical contact lenses
" Reduced eye movements
" Astigmatism
" Ear, nose and throat trouble
" Hearing loss
" Chronic or frequent colds
" Head injury
" Asthma
" Shortness of breath
" Pain or pressure in the chest
" Medication (sedatives, anti-dizziness drugs, anti-depressants, BC allowed)
" Substance dependence or abuse (alcohol, marijuana, cocaine, hallucinogens, etc.)
" Diagnosis of psychosis, bipolar disorder or severe personality disorders
" Hear problems (angina pectoris, heart disease, past myocardial infarcations, valve replace-
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ment, pace makers)
e High or low blood pressure
" Recent loss or gain of weight
" High susceptibility to motion sickness
" Thyroid trouble
" Claustrophobia
" Inability to perform certain motions or assume certain positions
Appendix D
Comments about the CSSI test
In their CSSI test (detailed in section II-C.3), Miller and Graybiel [27] introduce the
idea of a individually pre-selected chair velocity in order to customize the intensity of CCCS
as a function of each subject's susceptibility to motion sickness. The following paragraph
details how this chair-velocity is pre-selected.
The function that relates chair velocity, V (in rpm), to E comes from unpublished data
from those authors. No formula is given [27]. It is however possible to approximate the
formula they used by measuring the proportionality factor on their graph': the function is
almost proportional to V 2 :
E(V) = Va X 1 01og(.6)-a*log(30)
= 1.098 x 10-3 x V 18 5326  (a = 1.85326)
The question is how this alpha was determined. Reference [27] gives few details:
"The stress effect of a standard head tilt as a function of chair velocity was
measured in another study (unpublished data) by determining among several
subjects the number of head tilts required to elicit a common malaise level
at each of several different chair velocities. Individually, the regularity of this
function was limited to rotational rates above the critical amount, that with
apparently stressed the subject beyond his functional vestibular reserve (FVR).
When the rpm was reduced below this point, there was characteristically a
sudden marked increase in the subject's capacity for making head movements
without evoking symptoms."
Having almost a square law for E(V) implies that as chair-velocity increases (which means
the individual was found to be less susceptible to MS), the increase in E (A E) is larger.
In other words, if the subject is less susceptible, the greater increase in E makes it more
likely that the CSSI score will be higher. Thus, having a flexible self-selected chair-velocity
'This graph, figure 2 p. 7 from (27] shows a linear relationship between the log of the chair velocity and the
log of the E factor. With only the two extreme values (2.5 and 30 rpm respectively correspond to E=0.006
and E=0.6), it is possible to find the exact function used by the authors for E as a function of the chair
velocity
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allows us to accomodate a large range of subject-susceptibility. That preselection, how-
ever, complicates the analysis since each subject encounters a different level of intensity of
stimulus.
The main results of their experiment are:
" The CSSI test is a standardized test that takes into account the inter-subject differ-
ences in MS susceptibility, by having an individually preselected chair velocity;
" The CSSI score is independent of the endpoint selected (MII or MIII or FS);
" The CSSI method has a good test-retest reliability (subject not showing a lot of
adaptation)
" MS symptoms appear to rise more steeply after a certain number of HM, if the angular
velocity of the chair is above the subject's functional vestibular reserve (FVR).
Appendix E
Interactive Matlab file for data
analysis
This appendix shows the eye anal-manual. m file as modified and used for the analysis
of the eye- and potentiometer- data. Minor modifications were made to enable the analysis
of the potentiometer data and the eye data simulatneously.
% This script analyzes the eye & button data using a manual click
% as the trigger for start of nystagmus. Outputs to screen.
% By: David Phillips March 28, 2001
X Script modified by Cemocan S. Yesil, Summer 2003
% Modified by Ian Garrick-Bethell, March 08, 2004
% Modified by Sophie Adenot, May 2004
close all;
clear all;
X Allows user to modify the time span in seconds of the zoomed window
% modified by Ethan Post 7/3/03
zoomedtime-span = 30; %in seconds
zoomtime = 30; Xin seconds
zoom-samp = zoom-time * 60; % in samples;
% Read initial variables including raw data column numbers corresponding to
X different eyes and axes off of init-bed.m -- Cemocan S. Yesil
[FALSE, TRUE, LEFTVERTICAL, RIGHT.VERTICAL, LEFT-HORIZONTAL, RIGHTHORIZONTAL,
numincrease, numRMS, min-diff-class] = initbed;
batch-mode = FALSE;
load bed-path.mat;
first-time=FALSE;
if first-time==TRUE
[code-length, patient-list] = get.patient-list(data-path, masterpath);
end
X Commented out the load 'patient-list.mat' call so that the user can confirm the file being edited with
% Eye anal manual. If the user is certain that the file is always the same, comment out the
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X call to get-patient-list, and uncomment the load patient-list.mat (the workspace w/ the info)
% Modified by Ian Garrick-Bethell, Sept 16, 2003
load patient-list.mat;
[num-patients,n] = size(patient-list);
for patnum = 1:num-patients
% Load .mat files with the appropriate run and eye extensions saved by
% the script 'batch-bed-anal.m' -- Cemocan S. Yesil
[run-code, eyeext] = load.file(datapath, patientlist, patnum);
load([data-path, run.code, '.mat']);
load([data-path, run-code, eyeext, '.mat']);
Button = data(:,6); % Here, the button data is in 6th column
x-length = max(length(spv),length(Button));
% Graph full length of run
clf;
figure(1)
hold off;
subplot(2,1,1)
x=[1:x-lengthJ;
plot(x,spv)
axis(El x-length -50 50));
subplot(2,1,2)
plot(x,Button)
axis([1 x-length 3000 4100]);
if first-time=TRUE;
% to have the amplitudes
fprintf('Get the amplitudes of HM -- zero deg first');
[blabla,pos-max]=ginput (1);
[blabla,pos2]=ginput(1);
[blabla,pos3]=ginput(1);
[blabla,pos-min]=ginput(1);
fprintf('\n pos-max\t pos2\t pos3\t pos-min ');
fprintf('\n X6.0f\t %6.0f\t %6.0f\t X6.0f\t \n', pos-max, pos 2 , pos3, pos-min);
clear pos2 pos3 blabla;
end
pos-max=3000;
posmin=4100;
% Ask user to select starting point to zoom in on
fprintf('\nClick on SPV start to zoom in.\n\n')
Ezm,y] = ginput(1);
zm = round(zm); X in seconds
top=max(spv(zm-60:zm+900));
bot=min(spv(zm-60:zm+900));
% Check if the zoomed region will exceed matrix dimensions
X Also, put the zoomed data into a separate array for future
% manipulation
%if (zm + zoom-time)*60 < length(spv)
if (zm + zoom-samp) < length(spv)
% Note that the x value array is now inverted
Xzoomed-data = [x-time((zm-1)*60:(zm + zoom.time)*60)', spv((zm-1)*60: (zm +
left = x(zm - 60);
right = x(zm + (zoom-samp));
top = 1.1 * max(spv((zm-60): zm + (zoom.samp)));
bot = 1.1 * min(spv((zm-60): zm + (zoom-samp)));
Xzoomed-data = [zm-60:zm+ (60*zoom-time), spv(zm-60): zm + (60*zoom-time)];
zoom-time)*60)];
% in samples now
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else Xit is too big
left = x(zm - 60);
right = x(length(spv));
top = 1.1 * max(spv(zm-60:length(spv)));
bot = 1.1 * min(spv(zm-60:length(spv)));
X Note that the x value array is now inverted
%zoomed-data = [x-time((zm-1)*60: length(spv))', spv((zm-1)*60: length(spv))];
end
X Now graph the zoomed data (from -Isec to +zoom-time seconds)
clf;
figure(1), hold off;
subplot(2,1,1);
plot(x,spv, '.');
% axis([left, right, bot, top]);
% axis([zm-1,zm + zoom-time,bot,top]);
% plot(zoomeddata(:,2), '.');
% axis([0,length(zoomed-data),bot,top]);
t = zoomed-time-span;
% axis([zm-60,zm+900,bot,top]);
axis([zm-60,zm+60*t,bot,top]);
% Plot the zoomed button data
subplot(2,1,2);
plot(x,Button)
axis([zm-60,zm+60*t,pos-max,pos-min]);
Xaxis([zm-I,zm+15,1000,4000]);
XXMadded by Sophie Adenot... enables to have the velocity of the head
X.movement
fprintf('Draw the potentiometer box');
[xx1,yy1]=ginput(1);
[xx2,yy2]=ginput(1);
over = 10; % Used in the while loop for the curve endpoint selection
% -------------------------------------------------
X Here the user manually inputs endpoint values for the
% edited-data curve fit
% ------------------------------------------------
while(over -= 0)
fprintf('\n Select start index by clicking: ');
[start-click, y] = ginput(l);
start-click = round(start-click); in samples
fprintf(X6.0f\n', start.click);
fprintf('Select end index by clicking');
[end-click, y] = ginput(1);
end-click = round(end-click); in samples
fprintf('X6.0f\n\n', end-click);
yn= get-yn('Accept these values?','Y');
yn =)Y';
if (yn =Y,
over = 0;
end
end
' This part finds the point of local max of eye data between two mouse points,
' then it finds the exponential curve & cumulative eye mvmt given that start index.
X Find start of eye movement
peak = spv(start-click);
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start-ind = startclick;
num.pts = end-click - start-ind
end-index = end-click; % end of fit
% ----------------------------------------------
cropped-data = [x(start-ind:start-ind + num-pts)', spv(start-ind:start.ind + num-pts)];
X Offer the user the option to eliminate noise and fit a curve to the
% resultanting data
% ------------------------------------------------------------
stop.editing = 0;
while(stop-editing == 0)
figure(1), subplot(2,1,1), hold on;
plot(cropped-data(:,1), cropped_data(:,2), '.');
axis ([croppeddata(1, 1), cropped.data(length(cropped-data) , 1), bot, top]);
disp('Select a simple region of data to eliminate, or press ENTER to continue.');
edited-data = dataeliminator(croppeddata); X feed in the zoomeddata array
XPlot the edited data in samples (not time)
figure(1), subplot(2,1,2);
% plot (edited-data(:, 1), edited-data(:,2), '.');
% axis([zm-1,zm + zoom-time,bot,top]);
plot (edited-data(: ,1), edited_data(:,2), '.);
axis ([cropped.data(1, 1), cropped.data(length(cropped_data) ,1), bot, top]);
cropped-data = edited-data;
ynedit = get-yn('Are you finished removing data?','Y');
if (ynedit == 'Y),
stop-editing = 1;
end
end
% X.Prepare the data for the exponential fit (THIS WOULD BE W/O
% XEDITING
X %the.data = [x-time(start-ind:start.ind + num-pts)', spv(startind:startind + num-pts)];
% % Prepare the edited data for the exponential fit
% X test = edited-data(start-ind:start-ind + num.pts - 1,2);
% X length(test)
% % test2 = [1:numpts]' / 60;
% X length(test2)
% start-time = start.ind;
X X subtract from each time in edited-data the the starttime, so
% X that edited-data is reset to start at t = 0, which is required
% % for the exponential fit
the-data = [(edited-data(:,1) - startind)/60, edited-data(:,2)];
% NOTE THAT THE DATA MUST KEEP ITS X-Y ASSOCIATIONS!!!!
%Fit the curve
[A.temp, tau-temp] = exp-fit(the.data); % DATA MUST BE IN SECONDS AND START AT t = ZERO
% Append A_temp, tau-temp to A, tau vectors
A = Atemp;
tau = tau-temp;
% curve fit goodness
ftest = checkcurve(thedata, A, tau);
X--------------------------------------------------------------------
X------------------cumulative spv-------------------
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% This uses spy, not the fitted A, tau curve.
end-eye = 10; X for 10sec
t-matrix = transpose(0:.01:10);
curve = A*exp(-t-matrix/tau);
cumeye = trapz(tmatrix,curve);
start-time = start.click/60; . Printed as ClkStart
click-dur = end-click/60 - start-time; % Printed as Click_Dur
% Creates text files, before attempting to edit them - CSY, 03/07/03
% write-file = [data-path, run-code, eyeext, '_results.txt'];
X fid = fopen(write-file, 'w');
% fprintf(fid, '\nClkStart\tClickDur\t EyeStart\t || A\t Tau\t CumEye\t F-Test\n');
% fprintf(fid, ' X8.4f\t X8.4f\t\t X6.Of\t X8.4f\t %8.4f\t X8.4f\t X8.4f\n'...
% , start-time, click-dur, start-ind, A, tau, cum-eye, ftest);
% fclose(fid);
% X -----Open file to be displayed with the option of editing--------
% % ----------OPTIONAL----------------
% X edit-file=[data-path, run.code, eyeext, '_results.txt'];
% X edit(edit-file);
% Write to screen
fprintf('\n A\t Tau\t CumEye\t F-Test\t xxi\t xx2\t yy1\t yy2\t start-click\t end-click');
fprintf('\n X8.4f\t %8.4f\t X8.4f\t X8.4f\t %6.0f\t X6.0f\t X6.0f\t X6.0f\t ...
X6.0f\t X6.0f\n', A, tau, cum-eye, ftest,xxl, xx2, yy1, yy2,start.click,end-click);
% Plot fitted line
X------------------------------------------------------------
time = rot90([1:num_pts+1]/60,-1);
curveVals = A * exp(-time / tau);
axismin = min(spv(startind: start-ind+num-pts))-5;
axismax = max(spv(start.ind: startjind+numpts) )+5;
Xclf, hold on,
figure(2);
subplot(2,1,1)
% plot the data
plot(time, spv(start-ind:startind+num-pts),...
'o',...
'MarkerSize', 2,...
'MarkerFaceColor', 'b',...
'MarkerEdgeColor', 'b'...
axis([O,time(end),axismin,axismax]);
% plot the fitted curve
subplot(2,1,1), hold on;
plot(time, curveVals,...
'LineStyle', '-',...
'Color', 'k',...
'LineWidth', 1);
axis([O,time(end),axismin,axismax]);
' plot the edited data
subplot(2,1,2)
plot(the-data(:,1), the_data(:,2),...
'o',...
'MarkerSize', 2,...
'MarkerFaceColor', 'b',...
'MarkerEdgeColor', 'b'...
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Xaxis([O,time(end),axismin,axismax]);
% plot the fitted curve over the edited data
subplot(2,1,2), hold on;
plot(time, curveVals,...
'LineStyle', '-',...
'Color', 'k',...
'LineWidth', 1);
Xaxis([O,time(end),axismin,axismax]);
% Labels
XaxisLabel = 'time (sec)';
YaxisLabel = 'spv';
XLabel(XaxisLabel, 'FontSize', 8, 'FontWeight', 'bold');
YLabel(YaxisLabel, 'FontSize', 8, 'FontWeight', 'bold');
end
Appendix F
Other graphs
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Appendix G
Data
The following pages give each subject's data, as measured or reported during the exper-
iment. The following conventions are used:
* subje ct number (1 to 14)
" day number (1 and 2)
" run# number (1, 2 and 3)
" angle number (1, 2, 3)=(30, 60, 90)
" time increment by 1 at each head-turn
" HM number from 1 to 6 within each run
" direction (1, 2)=(toRED, toNU)
" MS score
" Illusion score
" body tilt score
" A peak-SPV in deg/sec
" tau time-constant in sec
" duration duration of SPV decay analyzed to fit the exp. curve
" angle-m head-angle as measured by the potentiometer
" velocity-m head-velocity as measured by the potentiometer
" NSPV
" spv after 1 sec = A.exp(-1/tau)
" ttpeak short = time for the spy to peak after the end of the HM
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" ttpeak long = time for the spy to peak after the beginning of the HM
" gender (0, 1) = (male, female)
" prev AG (0, 1) = (never exposed to AG, already exposed to AG)
subjec directi body velocity_ spv after ttpeak ttpeak gend prev
day run# angle time HM on MS Illusion tilt A tau duration angle-m m NSPV 1 sec short long er AG
1 1 1 2 1 1 1 0 10 45 -25.329 4.012 1.417 56.542 39.912 0.220 -19.741 0.650 2.067 1 1
1 1 1 2 2 1 2 0 20 42 29.215 7.129 1.050 58.098 55.331 0.249 25.391 1.800 2.850 1 1
1 1 1 1 3 2 1 0 8 45 -8.662 4.162 0.667 30.610 45.916 0.123 -6.812 -0.350 0.317 1
1 1 1 1 4 2 2 0 15 40 15.414 9.901 0.667 30.087 45.131 0.223 13.933 -0.350 0.317 1
1 1 1 3 5 3 1 0 10 45 -13.622 6.351 1.917 89.177 46.527 0.099 -11.638 -0.700 1.217 1 1
1 1 1 3 6 3 2 0 20 40 23.233 5.109 1.733 89.726 51.765 0.168 19.102 5.933 7.667 1 1
1 1 1 1 7 4 1 0 5 45 -9.002 3.209 0.733 30.523 41.623 0.128 -6.591 0.050 0.783 1 1
1 1 1 1 8 4 2 0 15 42 19.860 5.939 0.667 31.134 46.701 0.278 16.783 1.017 1.683 1 1
1 1 1 2 9 5 1 0 10 45 -22.833 3.449 1.283 62.767 48.909 0.186 -17.086 0.350 1.633 1 1
1 1 1 2 10 5 2 0 18 40 35.196 7.369 0.983 62.680 63.742 0.287 30.729 1.983 2.967 1 1
1 1 1 3 11 6 1 0 10 45 -15.210 4.149 2.033 90.274 44.397 0.11 -11.952 0.967 3.000 1
1 1 1 3 12 6 2 0 20 44 31.828 5.746 1.717 91.098 53.067 0.231 26.745 2.850 4.567 1 1
1 1 2 1 13 1 1 0 3 45 -6.341 3.205 0.583 31.134 53.372 0.089 -4.642 1.917 2.500 1 1
1 1 2 1 14 1 2 0 15 44 13.603 6.766 0.633 29.564 46.680 0.200 11.734 -0.083 0.550 1
1 1 2 3 15 2 1 0 8 45 -24.151 5.235 1.883 90.274 47.933 0.175 -19.952 1.433 3.317 1 1
1 1 2 3 16 2 2 0 15 43 26.235 7.376 1.750 88.079 50.331 0.190 22.908 4.533 6.283 1 1
1 2 17 3 1 0 8 45 -18.479 4.296 1.367 58.098 42.511 0.158 -14.641 0.783 2.150 1 1
1 1 2 2 18 3 2 0 12 45 32.381 5.145 1.133 61.210 54.009 0.268 26.661 4.267 5.400 1 1
1 1 2 3 19 4 1 0 8 45 -22.938 7.699 1.867 87.622 46.940 0.166 -20.144 1.683 3.55C 1 1
1 1 2 3 20 4 2 0 12 45 24.516 5.258 1.750 89.177 50.958 0.178 20.270 7.150 8.900 1 1
1 1 2 1 21 5 1 0 10 45 -10.510 5.382 0.900 34.186 37.984 0.136 -8.728 -0.033 0.867 1 1
1 1 2 1 22 5 2 0 12 43 25.887 6.201 0.700 32.093 45.847 0.353 22.031 0.283 0.983 1 1
1 1 2 2 23 6 1 0 10 45 -29.750 5.628 1.483 67.349 45.404 0.234 -24.907 1.450 2.933 1 1
1 1 2 2 24 6 2 0 12 43 22.332 6.061 1.083 68.90! 63.605 0.173 18.935 5.517 6.600 1
1 1 3 3 25 1 1 0 12 45 -22.131 2.865 1.600 90.274 56.421 0.160 -5.611 3.483 5.083 1 1
1 1 3 3 26 1 2 0 18 45 40.782 3.339 1.483 90.274 60.859 0.296 30.227 6.217 7.700 1 1
1 1 3 2 27 2 1 0 3 45 -28.048 3.842 1.483 61.643 41.557 0.231 -21.620 0.650 2.133 1 1
1 1 3 2 28 2 2 0 10 45 33.583 6.315 1.083 61.124 56.422 0.278 28.664 1.683 2.767 1 1
1 1 3 1 29 3 1 0 5 45 -14.303 5.657 0.783 27.994 35.737 0.221 -11.985 -0.317 0.467 1 1
1 1 3 1 30 3 2 0 10 44 10.032 8.866 0.50C 28.517 57.035 0.152 8.962 5.117 5.617 1 1
1 1 2 31 4 1 0 3 45 -15.400 5.118 1.417 58.098 41.010 0.131 -12.667 2.533 3.950 1 1
1 1 3 2 32 4 2 0 12 45 27.959 4.362 1.100 57.579 52.345 0.240 22.230 7.683 8.783 1 1
1 1 3 3 33 5 1 0 8 45 -21.376 4.981 1.683 90.274 53.628 0.155 -17.487 3.867 5.55C 1 1
1 1 3 3 34 5 2 0 10 45 18.136 3.615 1.300 90274 69.442 0.131 13.753 2.300 3.600 1 1
1 1 3 1 3 1 1 45 -4.336 16.154 0.783 30.610 39.077 0.062 -4.075 0.350 1.133
1 1 3 1 36 6 2 0 12 43 18.337 7.178 0.517 30.610 59.246 0.261 15.953 0.383 0.900 1 1
1 2 1 2 37 1 1 0 10 4! -34.278 6.725 1.067 60.086 56.330 0.287 -29.542 1.167 2.233 1 1
1 2 1 2 38 1 2 0 20 43 24.884 6.713 1.300 60.086 46.220 0.208 21.440 6.167 7.467 1 1
1 1 39 1 0 5 45 -20.214 7.215 0.583 30.273 51.896 0.291 -17.597 1.017 1.600 1
1 2 1 1 40 2 2 0 15 44 30.513 5.186 0.667 30.273 45.409 0.439 25.161 2.617 3.283 1 1
1 - 3 41 3 1 0 10 45 -34.454 7.099 1.717 88.250 51.408 0.250 -29.927 1.067 2.783 1
1 2 1 3 42 3 2 0 20 40 21.649 7.311 2.300 89.816 39.05( 0.157 18.881 6.833 9.133 1 1
1 2 1 1 43 4 1 0 5 45 -26.394 4.735 0.817 28.636 35.065 0.399 -21.369 0.267 1.083 1 1
1 2 1 1 44 4 2 0 12 44 23.583 5.516 0.617 28.636 46.437 0.357 19.673 2.500 3.117 1 1
1 2 1 2 45 5 1 0 10 45 -25.424 5.628 1.450 61.114 42.148 0.210 -21.285 4.183 5.633 1 1
1 2 1 2 46 5 2 0 20 42 13.495 8.266 1.483 60.686 40.912 0.112 11.957 6.800 8.283 1 1
1 2 1 3 47 6 1 0 12 45 -36.654 4.756 1.750 90.921 51.955 0.266 -29.703 1.967 3.717 1
1 2 1 3 48 6 2 0 18 44 19.802 3.352 1.600 90.368 56.480 0.143 14.694 12.100 13.700 1 1
1 1 49 1 1 0 8 45 -17.960 7.117 0.783 32.909 42.012 0.240 -15.606 1.717 2.50( 1 1
1 2 2 1 50 1 2 0 12 44 26.139 3.479 0.817 33.455 40.965 0.344 19.609 2.267 3.083 1 1
1 2 2 3 51 2 1 0 12 45 -35.047 5.950 1.750 91.474 52.271 0.254 -29.624 2.350 4.100 1 1
1 2 2 3 521 21 2, 0, 18, 44 13.862 1.934 1.683 89.816 53.356 0.100 8.266 0.400 2.083 1 1
1 2 2 2323 130 8 4 - 7.390 4.539 1.250 61.629 49.303 0.308 -29.997 2.417 3.667 1 1
1 2 2 2 4 3 21 0 15 44 16.016 5.74! 1.333 60.600 45.450 0.133 13.457 0.300 1.633 1 1
1 2 2 3 55 4 1 0 10 45 -45.394 2.537 1.567 90.368 57.682 0.329 -30.605 2.733 4.300 1 1
1 2 2 3 56 4 2 0 15 44 4.997 6.982 1.767 90.368 51.152 0.036 4.330 0.000 1.767 1 1
1 2 2 1 57 5 1 0 2 45 -23.399 6.030 0.533 31.909 59.830 0.321 -19.824 0.600 1.133 1 1
1 2 2 1 58 5 2 0 10 43 37.772 3.989 0.850 32.455 38.182 0.510 29.397 -0.033 0.817 1 1
1 2 2 2 59 6 1 0 8 45 -36.339 3.859 1.250 61.114 48.891 0.301 -28.043 2.117 3.367 1 1
1 21 2 21 60 6 2 0, 12 44 17.058, 1.831 1.417 61.1.14 43.139, 0.141 9.881 1.667 3.083 1 1
1 2 3 3 61 1 1 0 10 45 -32.881 4.674 1.750 89.816 51.3231 0.238 -26.547 3.050 4.800 1 1
1 2 3 3 62 1 2 0 20 42 12.206 0.858 1.750 89.263 51.007 0.088 3.804 -0.200 1.550 1 1
1 2 3 2 63 2 1 0 8 45 -17.102 4.787 1.317 56.571 42.966 0.148 -13.877 0.750 2.067 1 1
1 2 3 2 64 2 2 0 15 44 3.547 1.622 1.217 57.600 47.342 0.030 1.914 3.083 4.300 1 1
1 2 3 1 65 3 1 0 1 45 -24.446 6.242 0.583 31.909 54.701 0.335. -20.828 0.700 1.283 1 1
1 2, 3 1 66 3, 2 0, 8 44 18.728, 5.454 0.933 31.364 33.604 0.261 15.591 0.433 1.367 1 1
1 2 3 2 67 4 1 0 10 45 -44.254 4.444 0.967 57.600 59.586 0.380 -35.336 0.633 1.600 1 1
1 2 3 2 68 4 2 0 12 44 17.467 2.015 1.250 56.571 45.257 0.152 10.633 -0.350 0.900 1 1
1 2 3 3 69 5 1 0 12 45 -21.995 7.886 1.633 91.474 56.004 0.159 -19.375 2.433 4.067 1 1
1 2 3 3 70 5 2 0 15 45 20.371 9.394 1.867 90.368 48.412 0.148 18.314 1.633 3.500 1 1
1 2 3 1 71 6 1 0 1 45 -40.026 2.709 0.700 35.636 50.909 0.498 -27.671 2.100 2.800 1 1
1 21 3 11 72 61 2 0. 8 45 28.849. 2.740 0.817 34.000 41.633 0.3741 20.027 1.283 2.100 1 1
2 2 1 2 1 1 1 0l 2 45 -37.743 2.825 1.333 63.932 47.949 0.304 -26.492 0.583 1.917 0l 1
2 2 1 -2 2 1 2 0 5 40 22.733 6.006 1.300 63.932 49.179 0.183 19.246 4.917 6.217 0 1
2 2 1 1 3 2 1 0 2 43 -22.156 4.073 0.700 32.445 46.350 0.299 -17.332 1.083 1.783 0 1
2 2 1 1 4 2 2 0 3 42 20.606 3.601 0.550 32.351 58.820 0.279 15.609 2.117 2.667 0 1
2 2 1 3 5 3 1 0 3 45 -36.732 4.712 1.833 89.844 49.006 0.266 -29.708 -0.083 1.750 0 1
2 2, 1 31 6 3, 2 0 4 43 34.426. 3.601 1.833 89.281 48.699 0.249. 26.079 5.350 7.183 0 1
2 2 1 1 7 4 1 0, 1 45 -20.282 4.828 0.733 29.718 40.524 0.296 -16.488 0.200 0.933 0 1
2 2 1 1 8 4 2 0l 2 43 20.679 3.643 0.617 29.718 48.191 0.302 15.715 2.817 3.433 0 1
2 2 1 2 9 5 1 0l 2 45 -37.779 3.636 1.717 52.135 30.370 0.347 -28.694 -0.350 1.367 0 1
2 2 1 2 10 5 2 0 3 42 36.217 3.588 1.050 53.277. 50.740 0.327 27.407 3.350 4.400 0l 1
2 2 1 3 11 6 1 0 2 45 -32.610 4.143 1.917 89.844 46.875. 0.236 -25.617 0.700 2.617 0 1
2 2 1 3 12 6 2 0 3 42 29.167. 3.404 1.800 90.313 50.1741 0.211 21.743 4.400 6.200 0 1
2 2 2 1 13 1 1 0 1 45 -26.059 3.363 0.667 30.188 45.282 0.376 -19.356 0.533 1.200 0 1
2 2 2 1 14 1 2 0 1 43 20.060 3.844 0.600 30.752 51.254 0.284 15.465 3.933 4.533 0 1
2 2 2 3 15 21 1 0. 2 45 -30.191 4.052 1.767 90.406 51.173 0.219 -23.588 1.200 2.967 0 1
2 2 2 3 16 21 2 0l 3 43 23.274 5.002 2.083 87.030 41.775 0.169 19.056 5.217 7.300 0 1
2 21 2 2 -17 31 1 0l 1 45, -36.942 3.917 1.483 60.032 40.471 0.309 -28.619 1.017 2.500 0 1
2 2 2 2, 18 3 2 0 2 43 28.115. 4.053 1.300 61.744 47.496 0.231 -21.967 4.217 5.517 0 1
2 2 2 31 19 4 1 0 0 45 -28.709 3.997 1.950 92.001 47.180 0.208 -22.354 0.667 2.617 0 1
2 2 2 31 20 4 2 0 1 43 23.050 3.802 2.100 89.844 42.783 0.167 17.719 5.733 7.833 0 1
2 2 2 1 21 5 1 0 0 45 -31.660 3.705 0.833 30.188 36.226 0.456 -24.171 -0.317 0.517 0 1
2 2 2 1 22 5 2 0 1 44 24.571 4.389 0.750 30.846 41.129 0.347 19.564 -0.350 0.400 0 1
2 2, 2 21 23 6. 1 0. 0 45 -39.729 3.178 1.250 62.791 50.233 0.324 -29.003 0.583 1.833 0 1
2 21 2 2 24 6 2 0l 2 42 32.034 3.746 1.317 62.315, 47.328 0.262 24.529 3.433 4.750 0 1
2 2 3 3 25 1 1 0 1 45 -22.794 5.054 2.000 92.001 46.000 0.165 -18.702 1.800 3.800 0 1
2 2 3 3 26 1 2 0 1 42 24.962 5.699 2.033 86.468 42.525 0.181. 20.944 4.450 6.483 0 1
2 2 3 2 27 2 1 0 1 45 -42.833 3.785 1.450 56.036 38.645 0.374 -32.887 0.233 1.683 0 1
2 2 3 2 28 2 2 0 2 42 23.112 4.517 1.300 61.649 47.422 0.190 18.521 5.583 6.883 0 1
2 2 3 1 29 31 1 0 0 45 -27.162, 4.008 0.817 29.060 35.583 0.405 -21.164 0.367 1.183 0 1
2 21 3 1 30 31 2 01 1 44 17.3041 2.564 0.733 30.752 41.935 0.245 11.715 4.267 5.000 0l 1
2 2 3 21 31 41 1 0l 1 45 -26.732 4.984 1.400 62.791 44.850 0.218 -21.872 1.533 2.933 0l 1
2 2 3 2 32 4 2 0 2 42 22.647 2.608 1.600 61.173 38.233 0.187 15.435 1.983 3.583 0 1
2 2 3 3 33 5 1 0 1 45 -28.901 3.473 1.867 89.844 48.131 0.209 -21.670 2.617 4.483 0 1
2 2 3 3 34 5 2 0 1 43 19.505 6.122 1.717. 87.593 51.025 0.141 16.565 5.6768 0 1
2 2 3 1 35 6 1 0 1 45 -25.464 5.326 0.817 28.589 35.007 0.386 -21.105 0.700 1.517 0 1
2 2 3 1 36 6 2 0 1 44 25.704. 5.116 0.700 30.282 43.260 0.369 21.140 0.433 1.133 0 1
3 1 1 21 1 1 0, 10 50 -33.763 4.726 1.050 59.910 57.057, 0.283. -2.2 7.9671 -6.917 ,
3 1 1 21 21 11 2 0 15 40 33.032 5.517 1.367 60.990 44.6261 0.2741 2756 -0.900 -9.3 0 1
3 1 1 1 3 21 1 0l 3 45 -18.506 6.241, 0.433 30.278 69.8721 0.266 15.6 -12.5 -2.1 0 1
3 1 1 1 21 21 01 _ 81 40 22.5111 5.8151 0.517, 32.500 6293 034 18.954 -187.0001 -186.483 0 1
3 1 1 3 5 3 1 0 12 50 -34.324 3.707 2.033 91.372 44.937 0.249 -26.209 -250.350 -248.317 0 1
3 1 1 3 6 3 2 0 15 40 40.439 5.905 1.900 89.726 47.224 0.293 34.139 -311.500 -309.600 0 1
3 1 1 1 7 4 1 0 7 43 -20.483 3.593 0.617 31.944 51.802 0.281 -15.507 -374.733 -374.117 0 1
3 1 1 1 8 4 2 0 4 40 22.892 5.478 0.517 36.296 70.251 0.280 19.073 -422.667 -422.150 0 1
3 1 1 2 9 5 1 0 9 40 -47.080 4.015 0.933 60.990 65.346 0.390 -36.699 -474.217 -473.283 0 1
3 1 1 21 10 5 2 0, 8 37 56.627, 6.302 1.050 60.990 58.085 0.469, 48.318 -520.850 -519.800 0 1
3 1 1 3 11 6 1 0 12 48 -29.271 4.491 1.633 90.823 55.606 0.212 -23.428 -587.950 -586.317 0. 1
3 1 1 3 12 6 2 0 13 37 34.153 6.009 1.550 90.274 58.242 0.2471 28.917 -645.167 -643.617 0 1
3 1 2 1 13 1 1 0 6 40 -30.131 3.177 0.383 34.074 88.889 0.390 -21.995 -10.900 -10.517 0 1
3 11 2 1 14 1 2 0 5 40 34.008 2.463 0.550 33.611 61.111 0.445 22.659 -46.917 -46.367 0 1
3 1 2 3 15 2 1 0 11 48, -20.434 4.472 1.917. 90.274 47.100 0.148 -16.340 -105.400 -103.483 0 1
3 1 2 3, 16 2, 2 0. 12 35 51.082. 6.298 1.717 90.823 52.907 0.370 43.582 -153.317 -151.600 0 1
3 1 2 2 17 3 1 0 8 38 -41.096 3.460 0.733 50.285 68.570 0.387 -30.781 -212.433 -211.700 0 1
3 1 2 2 18 3 2 0 10 40 24.820 7.434 0.783 59.370 75.792 0.209 21.696 -253.150 -252.367 0 1
3 1 2 3 19 4 1 0 8 47 -21.542 5.323 1.767 90.274 51,099 0.156 -17.852 -301.700 -299.933 0 1
3 1 2 3 20 4 2 0 12, 40 45.348 3.709 1.767 89.726 50.7881 0.329 34.6321 -351.700 -349.933 0 1
3 1 2 1 21 5 1 0 7 40 -28.576 4.295 0.383 31 .944 83.333 0.391 -22.640 -399.683 -399.300 0 1
3 1 2 1 22 51 2 0 5 40 14.420. 4.874 0.433 32.963 76.068 0.192 11.745 -442.933 -442.500 0 1
3 1 2 21 23 6 1 0 8 42 -38.682 3.423 1.017 53.973 53.088 0.347 -28.883 -488.450 -487.433 0 1
3 1 2 2 24 6 2 0 10 45 27.193 3.216 0.983 59.910 60.925 0.228 19.925 -533.333 -532.350 0 1
3 1 3 3 25 1 1 0. 10 48 -18.501 3.476 2.100 89.726 42.726 0.134 -13.875 -16.817 -14.717 0 1
3 1 3 3 26 1 2 0 12 35 23.090 0.941 1.633, 90.823 55.606 0.167 7.982 -53.333 -51.700 0 1
3 1 3 2 27 2 1 0 8 42 -38.942 4.280 1.250 59.910 47.928 0.326 -30.828 -104.033 -102.783 0 1
3 1 3 2 28 2, 2 0 6 37 29.059. 3.857 0.933 61 .529 65.924 0.240 22.421 -148.383 -147.450 0 1
3 1 3 1 29 31 1 0 3 35 -26.790 2.387 0.417 31.852 76.444 0.368 -17.622 -205.300 -204.883 0 1
3 1 3 1 30 3 2 0 4 35 31.288 2.794 0.467 33.519 71.825 0.411 21.875 -235.517 -235.050 0 1
3 1 3 2 31 4 1 0 7 42 -19.405 3.460 1.083 59.370 54.803 0.163 -14.534 -271.767 -270.683 0 1
3 1 3 2 32 4 2 0j 6 45 29.691 3.7281 0.767 60.990 79.552 0.246 22.7061 -315.750 -314.983 0 1
3 1 3 3 33 5 1 0l 10 45 -24.472 4.248 2.033 89.177 43.857 0.177 -19.338 -361.383 -359.350 0 1
3 1 3 3 34 5 2 0l 10 35 12.469 7.359 1.750 89.726 51.272 0.090 10.885 -403.183 -401.433 0 1
3 1 3 1 35 6. 1 0 3 37 -28.294 2.836 0.550 29.7221 54.040 0.414 -19.886 -447.150 -446.600 0 1
3 1 3 1 36 61 2 0 3 35 30.480 3.437 0.700 37.963 54.233 0.359 22.785 -483.117 -482.417 0 1
3 2 1 2 37 1 1 0 10 45 -60.328. 2.468 1.367 69.535 50.879 0.467 -40.230 0.350 1.717 0 1
3 2 1 2 38 1 2 0 10 40 40.945 6.979 1.133 60.450 53.338 0.341 35.478 0.467 1.600 0 1
3 2, 1 1 39 2 1 0 4 40 -13.104 6.327 0.583 26.375 45.214 0.214 -11.188 -0.233 0.350 0 1
3 2 1 1 40 2 2 0, 6 40 19.254 6.795 0.667 30.725 46.088 0.273 16.619 0.117 0.783 0 1
3 2 1 31 41 3 1 0 12 45 -66.205 4.810 1.833 90.727 49.487 0.480 -53.778 0.433 2.267 0 1
3 2 1 3 42 31 2 0 15 38 33.866 7.835 1.850 90.727 49.041 0.245 29.808 4.017 5.867 0 1
3 2 1 1 43 4 1 0 6 38 -19.125 4.546 0.700 31.269 44.670 0.267 -15.348 -0.150 0.550 0 1
3 2 1 1 44 4 2 0 3 40 21.106 4.819 0.550 32.266 58.665 0.286 17.151 1.400 1.950 0 1
3 2 1 2 45 5 1 0 9 42 -37.057 4.612 1.083 59.910 55.302 0.310 -29.833 0.233 1.317 0 1
3 2 1 2 46 5 2 0. 10 40 42.126 5.531 0.967 60.450 62.534 0.351 35.159 1.683 2.650 0 1
3 2 1 3, 47 6 1 0l 11 44 -41.931 3.937 1.783 89.637 50.264 0.304 -32.525 3.400 5.183 0 1
3 2 1 31 48 61 2 0l 14 39, 34.047 5.271 1.717 90.182 52.533 0.247 28.164 5.067 6.783 0 1
3 2 2 1 49 1 1 0l 4 41 -23.115 4.305 0.500 30.725 61.450 0.328 -18.324 0.117 0.617 0 1
3 2 2 1 50 1 2 0l 6 40 21.843 5.256 0.617 31.178 50.559 0.306 18.059 0.750 1.367 0 1
3 2, 2 3 51 2 1 0 11 44 -37.097 4.031 1.800 88.729 49.294 0.269 -28.946 2.917 4.717 0 1
3 2 2 3 52 2 2 0 14 40 32.619 8.121 1.717 88.729 51.687 0.236 28.840 5.067 6.783 0 1
3 2 2 2 53 3 1 0 9 43 -55.720, 3.131 1.333 59.370 44.528 0.469 -40.486 0.383 1.717 0 1
3 2 2 2, 54 3. 2 0 8 40 47.3371 6.497 1.017 61.529 60.521 0.390 40.584 1.517 2.533 0 1
3 2 2 3 55 41 1 0 10 44 -51.1611 3.682 1.800 90.182 50.101 0.371. -38.992 2.133 3.933 01 1
3 2 2 3 56 41 2 0. 10 38 38.154 9.320 1.800 89.637 49.798 0.276 34.272 2.567 4.367 0 1
3 2, 2 1 57 5 1 0l 5 40 -25.775 3.395 0.733 31.269 42.639 0.360 -19.198 0.083 0.817 0 1
3 2 2 1 58 5 2 0 4 40 23.953 5.659 0.433 30.725 70.904 0.340 20.073 0.000 0.433 0 1
3 2 2 2 59 6 1 0 8 41 -52.580 3.390 1.317 60.990 46.321 0.436 -39.146 0.283 1.600 0 1
3 2 2, 2, 60 6 2 0 9 40 31.343 6.364 1.250 61.979, 49.583 0.257 26.786 3.683 4.933 0 1
3 2 31 31 61 1 1 0 7 43, -52.218 3.714 1.367 87.0031 63.661 0.379, -39.891, 2.650 4.017
3 2 3 3 62, 1 2 0 10 3 3922 6.9811 1.833, 90.1821 49.190 .8 34.0481 3.7501 5.583 0 1
3 2 3 2 63 2 1 0 8 41 -52.574 3.022 1.333 60.990 45.742 0.436 -37.761 1.200 2.533 0 1
3 2 3 2 64 2 2 0 7 40 37.123 5.321 1.083 61.529 56.796 0.306 30.762 1.333 2.417 0 1
3 2 3 1 65 3 1 0 3 41 -17.963 5.008 0.817 28.006 34.293 0.277 -14.712 -0.183 0.633 0 1
3 2 3 1 66 3 2 0 3 40 19.398 6.924 0.700 33.353 47.648 0.256 16.789 0.167 0.867 0 1
3 2 3 2 67 4 1 0 7 42 -41.797 3.315 1.200 59.910 49.925 0.350 -30.914 0.983 2.183 0 1
3 2. 3 2. 68 4. 2 0 8 40 40.560. 7.387 1.100 59.910 54.464 0.340. 35.424 1.983 3.083 0 1
3 2 3 3 69 5 1 0 8. 44 -56.523 4.372 1.950 90.182 46.247 0.410 -44.967 1.983 3.933 0 1
3 2 3 3 70 5 2 0 10 41 29.094 5.917 1.717 90.182 52.533 0.211 24.570 4.917 6.633 0 1
3 2 3 1 71 6 1 0 3 42 -22.134 4.015 0.617 31 .269 50.706 0.309 -17.255 0.050 0.667 0 1
3 2 3 1 72 6 2 0 3 40 22.698 4.977 0.667 34.985 52.477 0.287 18.566 0.533 1.200 0 1
4 1 1 2 1 1 1 1 10 45 -43.934 6.591 1.367 59.370 43.442 0.370 -37.749 0.350 1.717 0 1
4 1 1 2. 2 1 2 2 12 43 37.208. 6.480 1.283 60.450 47.104 0.310. 31.888 3.283 4.567 0. 1
4 1 1 1 3 2 1 1 4 43 -22.608 4.930 0.667 30.181 45.272 0.326 -18.458 0.000 0.667 0 1
4 1 1 1 4 2 2 1 3 40 23.765 4.924 0.817 29.637 36.291 0.348 19.397 1.533 2.350 0 1
4 1 1 3 5 3 1 3 14 40 -39.013 6.542 1.917 90.727 47.336 0.283 -33.483 2.700 4.617 0 1
4 1 1 3 6 3 2 1 10 43 30.157 5.574 1.950 90.182 46.247 0.219 25.204 6.633 8.583 0 1
4 1 1 1 7 4 1 0 4 45 -22.809 7.248 0.817, 31.269 38.288 0.318 -19.870 0.000. 0.817 0 1
4 1 1 1 8 4- 2 0 2 45 23.41-9 4.148 0.900 31.269 34.743 0.327 18.402 0.183 1.083 0 1
4 1 1 2 9 5 1 1 5 42 -44.171 5.272 1.283 60.450 47.104 0.368 -36.538 1.450 2.733 0 1
4 1 1 2 10 5 2 1 6 45 24.324 6.047 1.217 60.450 49.685 0.203 20.617 4.167 5.383 0 1
4 1 1 3 11 6 1 2 11 40 -45.041 6.158 1.900 91.271 48.038 0.326 -38.290 1.533 3.433 0 1
4 1 1 3 12 6 2 2 10 43 47.248 5.467 1.950 90.727 46.526 0.342 39.350 4.533 6.483 0 1
4 1 2 1 13 1 1 1 3 45 -30.259 4.083 0.983 30.181 30.693 0.436 -23.686 0.500 1.483 0 1
4 1 2 1 14 1 2 2 4. 43 25.649. 3.730 0.900 30.725 34.139 0.364 19.617 0.067 0.967 0 1
4 1 2 3 15 2 1 1 8 45 -43.795 7.086 1.833 90.727 49.487 0.317 -38.031 1.333 3.167 0 1
4 1 2 3 16 2 2 4 12 40 38.764 5.050 1.633 90.182 55.213 0.281 31.801 6.800 8.433 0 1
4 1 2 2 17 3 1 2 8 40 -48.865 4.727 1.317 62.069 47.141 0.401 -39.549 0.933 2.250 0 1
4 1 2 2 18 3 2 2 10 45 44.219 2.864 1.283 60.450 47.104 0.368. 31.186 4.700 5.983 0 1
4 1 2 3 19 4 1 1 11 45 -34.379 6.467 1.767 91.271 51.663 0.249 -29.453 2.683 4.450 0 1
4 1 2 3 20 4- 2 3 121 43 32.3671 5.987 1.667 90.182 54.109 0.235 27.387 5.317 6.983 0. 1
4 1 2 1 21 5 1 0 21 45 -24.5831 3.630 0.950 31.813 33.487 0.338 -18.663 1.867 2.817 0 1
4 1 2 1 22 5 2 0 2 45 25.9161 3.709 1.017 32.266 31.737 0.352 19.791 0.617 1.633 0 1
4 1 2 2 23 6 1 1 6 40 -24.976 4.391 1.317 60.990 46.321 0.207 -19.889 2.783 4.100 0 1
4 1 2 2 24 6 2 1 6 42 39.518 3.339 1.100 60.450 54.954 0.329 29.290 3.667 4.767 0 1
4 1 3 3 25 1 1 0 7 45 -51.210 5.704 1.650 90.182 54.656 0.371 -42.975 0.583 2.233 0 1
4 1 3 3 26 1 2 0 6 43 39.850 3.821 1.667 90.727 54.436 0.289 30.674 6.400 8.067 0 1
4 1 3 2 27 2 1 1 5- 42 -25.805 7.142 1.567 61.529 39.274 0.213 -22.433 2.183 3.750 0. 1
4 1 3 2 28 2 2 0 4 45 28.010. 6.022 1.133 60.990 53.814 0.232 23.725 2.767 3.900 0 1
4 1 3 1 29 3 1 0 1 43 -27.530 3.954 0.700 31 .269 44.670 0.384 -21 .378 0.200 0.900 0 1
4 1 3 1 30 3 2 0 4 40 26.229 4.710 0.700 31.269 44.670 0.366 21.211 0.400 1.100 0 1
4 1 3 2 31 4 1 1 5 45 -25.705 5.244 1.400 60.450 43.178 0.214 -21.242 4.483 5.883 0 1
4 1 3 2 32 4 2 1 6 43 44.660 3.452 1.367 59.910 43.837 0.374 33.427 3.250 4.617 0 1
4 1 3 3 33 5 1 0 7. 45 -42.990 6.984 1.600 91.271 57.045 0.312 -37.255 0.950 2.550 0. 1
4 1 3 3 34 5 2 0 5 45 43.139. 1.249 2.033 90.727 44.620 0.313 19.376 7.967 10.000 0 1
4 1 3 1 35 6 1 0 1 41 -26.792 3.173 0.733 31.269 42.639 0.374. -19.550 0.117 0.850 0 1
4 1 3 1 36 6 2 0 2 41 17.104 4.123 0.700 30.725 43.893 0.243 13.420 0.083 0.783 0 1
4 2, 1 2. 37 1 1 1 6 45 -36.274 6.479 1.250 64.678 51 .742 0.291 -31 .086 0.983 2.233 0 1
4 2 1 2 38 1 2 1 4 45 31.746 3.887 1.167 60.990 52.277 0.263 24.544 3.633 4.800 0 1
4 2 1 1 39 2 1 2 6 43 -26.992 4.902 0.817 33.056 40.476 0.359 -22.011 1.283 2.100 0 1
4 2 1 1 40 2 2 1 5 40. 16.743 3.857 0.783 32.500 41.489 0.226 12.919 -0.033 0.750 0 1
4 2 1 3 41 3 1 0 4 45 -29.779 5.794 1.517 90.182 59.460 0.216 -25.058 1.833 3.350 0 1
4 2 1 3 42 3 2 1 5 45 26.346 3.663 1.917 91.271 47.620 0.1911 20.051 3.233 5.150 0 1
4 2. 1 1 43 4. 1 0 2 45 -20.942 3.857 0.983 30.833 31.356 0.296 -16.159 0.317 1.300 0 1
4 2 1 1 44 4 2 1 4 45 13.714 3.863 0.783 31.389 40.071 0.191 10.586 2.150 2.933 0 1
4 2 1 2 45 5 1 0. 3. 43 -33.244. 4.791. 1.333 61.529 46.147 0.274 -26.981 0.350 1.683 0 1
4 2 1 2 46 5 2 1 6 43 25.281 5.017 1.133 60.990 53.814 0.209 20.712 1.750 2.883 0 1
4 2 1 3 47 6 1 0 31 45 -33.1841 4.466 1.900 90.182 47.464 0.240 -26.527 0.2001 2.100 0 1
4 2 1 3 48, 6 2 21 61 451 29.4561 3.9251 1.800, 90.182, 50.101 0.213 22.830 2.8831 4.683 0 1
4 2 2 1 49 1 1 1 4 45 -18.739 6.226 0.750 30.833 41.111 0.265 -15.959 0.067 0.817 0 1
4 2 2 1 50 1 2 1 5 45 18.748 4.860 0.817 30.833 37.755 0.265 15.262 -0.033 0.783 0 1
4 2 2 3 51 2 1 2 6 45 -33.606 4.907 1.767 90.727 51.355 0.244 -27.410 1.050 2.817 0 1
4 2 2 3 52 2 2 1 7 45 -39.402 0.433 1.950 90.727 46.526 0.286 -3.913 3.350 5.300 0 1
4 2 2 2 53 3 1 1 6 45 -18.406 8.030 1.217 62.069 51.016 0.151 -16.250 2.417 3.633 0 1
4 21 2 21 54 31 2 11 6 43 22.062, 3.936 1.250 60.990 48.792 0.183, 17.112 4.067 5.317 0 1
4 2 2 3 55 41 1 2 5 45 -23.300 4.219 1.900 89.637 47.177 0.169 -18.383 2.467 4.367 0. 1
4 2 2 3 56 4 2 2 7 45 20.485 3.170 1.917 90.182 47.051 0.148 14.942 4.567 6.483 0 1
4 2 2 1 57 5 1 0 1 45 -25.657 4.704 0.717 32.963 45.995 0.342 -20.743 -0.083 0.633 0 1
4 2 2 1 58 5 2 0 1 45 18.365 4.424 1.350 32.778 24.280 0.246 14.649 0.583 1.933 0 1
4 2 2 2 59 6 1 1 3 45 -38.728 4.414 1.433 60.360 42.112 0.323 -30.877 -0.217 1.217 0 1
4 21 2 2, 60 6 2 1 4 45 19.492. 1.954 1.100 61.529 55.936 0.161. 11.684 5.783 6.883 0 1
4 2 3 3 61 1 1 11 4 45 -35.984 4.573 2.000 90.182 45.091 0.2611 -28.917 0.117 2.117, 0 1
4 2 3 3 62 11 2 2 5 41 19.744 5.944 1.767 90.182 51.046 0.143 16.687 5.183 6.9501 0 1
4 2 3 2 63 21 1 1 4 45 -32.341 5.181 1.200 60.990 50.825 0.268 -26.665 0.050 1.250 0 1
4 2 3 2 64 2 2 1 5 45 15.556 3.591 1.367 60.450 44.232 0.130 11.774 5.817 7.183 0 1
4 2 3 1 65 3 1 0 1 45 -23.266 4.294 0.700 31 .389 44.841 0.324 -18.432 -0.050 0.650 0 1
4 2, 3 1 66 3 2 0 1 45 15.564. 3.377 1.250 32.500 26,000 0.210 11.575 0.000 1.250 0 1
4 2 3 21 67 4 1 0, 2 45 -33.013 4.385 1.517 60.990 40.213 0.274. -26.281 0.750 2.267 0 1
4 2 3 2 68 4 2 0 3 43 17.942 3.903 1.283 59.910 46.683 0.150 13.886 4.567 5.850 0 1
4 2 3 3 69 51 1 0 4 45 -32.074 5.599 1.750 90.182 51.532 0.232 -26.828 0.633 2.383 0 1
4 2 3 3 70 5 2 0 4 45 16.765 1.323 1.717 89.637 52.216 0.121 7.871 4.033 5.750 0 1
4 2 3 1 71 6 1 0 3 45. -21.166 3.757 0.783 31.389 40.071 0.294 -16.220 -0.083 0.700 0 1
4 2, 3 1 72 6 2 0 1 45 19.194. 4.269 0.850 31,389 36.928 0.267 15.185 0.167 1.017 0 1
5 1 1 2. 1 1 1 0. 10 45 -36.214 5.485 1.367 58.831 43.047 0.307. -30.179 0.500 1.867 0 1
5 1 1 21 2 1 2 0 15 40 34.749 3.684 1.133 62.069 54.767 0.285 26.489 0.550 1.683 0 1
5 1 1 1 3 2, 1 0 8 46 -16.777 3.422 0.850 30.929 36.387 0.237 -12.526 0.900 1.750 0 1
5 1 1 1 4 21 2 1 9 44 11.733 3.680 0.900 31.486 34.985 0.163 8.941 1.250 2.150 0 1
5 1 1 3 5 3 1 0 11 45 -27.145 6.180 2.383 88.014 36.929 0.197 -23.090 3.750 6.133 0 1
5 1 1 3 6 3 2 2 15 40 26.443. 3.998 1.800 89.097 49.498 0.192 20.591 2.767 4.567 0 1
5 1 1 1 7 4 1 0- 7 46 -27.265 3.989 0.900 33.622 37.358 0.357 -21.219 0.233 1.133 0 1
5 1 1 1 8 4 2 1 9 43 21.250 3.616 0.750 33.622 44.830 0.278 16.116 0.000 0.7501 0 1
5 1 1 2 9 5 1 1 12 44 -27.109 4.613 1.367 60.450 44.232 0.226 -21.826 2.850 4.217 0 1
5 1 1 2 10 5, 2 1 14 40 21.979 4.065 1.367 60.990 44.626 0.182 17.186 2.767 4.133 0 1
5 1 1 3 11 61 1 0 11 47 -27.437 5.470 2.450 86.389 35.261 0.199 -22.853 3.167 5.617 0 1
5 1 1 3 12 61 2 2 15 43 21.251 4.997 2.067 89.097 43.112 0.154 17.397 2.467 4.533 0 1
5 1 2 1 13 1 1 0 11 45 -21.001 4.219 0.917 31.115 33.943 0.295 -16.569 -0.117 0.800 0 1
5 1 2 1 14 1 2 0 13 42 18.108, 4.169 0.967 33.065 34.205 0.241 14.246 -0.350 0.617 0 1
5 1 2 31 15 21 1 0. 13 45 -28.1151 5.798 2.733 89.639 32,795 0.204 -23.662 2.300 5.033 0 1
5 1 2 3 16 21 2 2 15 40 18.2771 4.433 2.033 89.639 44.085, 0.132 14.586 4.417 6.450 0 1
5 1 2 2 17 3 1 1 13 46 -32.450 4.919 1.917 58.291 30.4131 0.276 -26.481 0.233 2.150 0 1
5 1 2 2 18 3 2 2 14 41 26.628 2.633 1.567 59.910 38.240 0.2231 18.213 3.200 4.767 0 1
5 1 2 3 19 4 1 0 12 47 -28.887 6.407 2.267 90.722 40.024 0.209 -24.712 2.850 5.117 0 1
5 1 2 3 20 4 2 0 14 41 15.574 3.602 2.183 88.556 40.560 0.113 11.799 4.850 7.033 0 1
5 1 2 1 21 5 1 0. 9 45 -28.957 2.779 0.817 33.622 41.170 0.379 -20.207 0.467 1.283 0 1
5 1 2 1 22 5. 2 0l 12 43 18.228, 1.531 0.783 34.180 43.633 0.235 9.486 3.867 4.650 0 1
5 1 2 2 23 61 1 0l 8 44 -21.497 4.499 1.667 60.450 36.270 0.179 -17.213 3.200 4.867 0. 1
5 1 2 2 24 61 2 11 14 41 24.404 4.100 1.450 60.450 41.690 0.203 19.122 1.717 3.167 0 1
5 1 3 3 25 1 1 0 9 47 -22.480 7.443 2.300 90.722 39.444 0.163 -19.654 2.3831 4.683 0 1
5 1 3 3 26 1 2 1 14 43 21.208 3.122 1.950 89.639 45.969 0.154 15.395 3.833 5.783 0 1
5 1 3 2 27 2 1 1 12 46 -35.047 5.205 1.650 59.910 36.309 0.294 -28.921 1.633 3.283 0 1
5 1 3 2 28 2 2 2 14 42 21.794. 3.470 1.283 61.979 48.295 0.179 16.337 2.700 3.983 0 1
5 1 3 1 29 3 1 0 8 46 -21.206 3.268 0.983 32.508 33.059, 0.286 -15.616 1.083 2.067 0 1
5 1 3 1 30 31 2 0 13 43 13.064 4.090 1.133 36.409 32.125 0.159 10.230 0.900 2.033 0. 1
5, 1 3 2 31 4 1 1 13 46 -25.331 5.421 1.450. 60.990 42.062 0.210 -21.064 2.717 4.167 0 1
5 1 3 2 32 4 2 1 14 41 40.220 3.423 1.3671 59.370 43.442 0.339 30.030 0.150 1.517 0 1
5 1 31 3 33 5 1 0 10, 47 -24.822 8.455 2.5001 90.181 36.072 0.180 -22.053 -0.867 1.633 0 1
51 1 31 31 34 5 2 21 141 431 14.2791 4.7791 2.0831 88.556 42.507 0.104 11.583 2.767 4.850 0 1
5 1 3 1 35 6 1 0 11 46 -16.683 3.817 0.700 32.601 46.572 0.224 -12.838 2.033 2.733 0 1
5 1 3 1 36 6 2 0 11 46 20.409 2.324 0.867 33.065 38.152 0.271 13.271 1.600 2.467 0 1
5 2 1 2 37 1 1 0 8 45 -32.685 6.400 1.550 70.987 45.798 0.251 -27.957 1.950 3.500 0 1
5 2 1 2 38 1 2 0 13 42 26.730 4.285 1.050 65.350 62.238 0.213 21.166 0.983 2.033 0 1
5 2 1 1 39 2 1 0 8 46 -25.742 5.904 0.850 33.218 39.080 0.341 -21.731 0.317 1.167 0 1
5 2 1 1 40 2 2 0 11 45 20.764 3.783 0.700 32.555 46.507 0.280 15.940 0.117 0.817 0 1
5 2 1 3 41 3 1 0 11 46 -26.023 8.240 2.150 89.092 41.438 0.189 -23.049 1.750 3.900 0 1
5 2 1 3 42 3 2 0 15 44 24.819 3.665 2.033 90.727 44.620 0.180 18.892 1.883 3.917 0 1
5 2 1 1 43 4 1 0 7 45 -20.985 5.517 0.983 32.082 32.626 0.286 -17.506 0.033 1.017 0 1
5 2 1 1 44 4 2 0 10 45 26.589 3.030 1.300 32.082 24.678 0.363 19.114 0.067 1.367 0 1
5 2 1 2 45 5 1 0 8 45 -27.606 4.979 1.567 65.924 42.079 0.219 -22.583 2.117 3.683 0 1
5 2 1 2 46 5 2 0 11 44 12.059 7.752 1.250 64.204 51.363 0.097 10.600 0.817 2.067 0 1
5 2 1 3 47 6 1 0 8 46 -20.841 7.300 2.550 91.271 35.793 0.151 -18.173 3.233 5.783 0 1
5 2 1 3 48 6 2 1 13 43 27.843 3.728 2.383 88.002 36.924 0.202 21.292 2.033 4.417 0 1
5 2 2 1 49 1 1 0 8 45 -28.568 3.921 0.783 35.962 45.909 0.353 -22.137 1.100 1.883 0 1
5 2 2 1 50 1 2 0 10 44 20.669 3.165 1.133 34.259 30.228 0.266 15.069 1.483 2.617 0 1
5 2 2 3 51 2 1 0 10 45 -16.307 5.982 2.333 90.727 38.883 0.118 -13.797 3.983 6.317 0 1
5 2 2 3 52 2 2 1 12 43 34.134 2.235 1.867 89.092 47.728 0.247 21.818 2.550 4.417 0 1
5 2 2 2 53 3 1 0 9 45 -23.217 5.241 1.550 65.350 42.161 0.185 -19.184 2.583 4.133 0 1
5 2 2 2 54 3 2 1 12 44 27.001 2.622 1.250 63.631 50.904 0.218 18.440 2.967 4.217 0 1
5 2 2 3 55 4 1 0 9 46 -17.905 7.966 2.183 92.361 42.303 0.130 -15.793 3.000 5.183 0 1
5 2 2 3 56 4 2 0 11 44 10.106 4.272 1.750 89.092 50.910 0.073 7.997 4.383 6.133 0 1
5 2 2 1 57 5 1 0 8 45 -23.048 3.298 0.600 33.691 56.151 0.301 -17.019 0.300 0.900 0 1
5 2 2 1 58 5 2 0 9 44 21.269 2.931 0.983 32.082 32.626 0.290 15.120 -0.200 0.783 0 1
5 2 2 2 59 6 1 0 7 45 -21.026 4.386 1.317 64.777 49.198 0.168 -16.739 3.717 5.033 0 1
5 2 2 2 60 6 2 1 10 33 15.816 3.136 1.067 63.057 59.116 0.129 11.498 2.300 3.367 0 1
5 2 3 3 61 1 1 0 5 45 -20.636 7.931 2.500 90.727 36.291 0.150 -18.192 2.033 4.533 0 1
5 2 3 3 62 1 2 0 7 45 23.205 4.342 1.867 85.913 46.025 0.169 18.432 3.333 5.200 0 1
5 2 3 2 63 2 1 0 8 44 -26.728 5.345 1.367 64.204 46.978 0.215 -22.167 1.367 2.733 0 1
5 2 3 2 64 2 2 0 9 44 16.796 3.682 1.300 62.484 48.065 0.137 12.802 1.667 2.967 0 1
5 2 3 1 65 3 1 0 6 45 -20.408 2.081 0.850 30.946 36.407 0.288 -12.621 1.833 2.683 0 1
5 2 3 1 66 3 2 0 5 45 16.400 4.324 0.667 30.946 46.420 0.231 13.014 0.033 0.700 0 1
5 2 3 2 67 4 1 0 6 45 -29.629 3.583 1.367 61.911 45.301 0.243 -22.413 1.917 3.283 0 1
5 2 3 2 68 4 2 0 9 44 34.371 3.770 1.183 60.764 51.350 0.285 26.363 -0.317 0.867 0 1
5 2 3 3 69 5 1 0 6 46 -14.461 6.151 2.500 91.271 36.509 0.105 -12.291 3.750 6.250 0 1
5 2 3 3 70 5 2 0 8 46 24.147 2.823 2.150 89.092 41.438 0.175 16.943 3.933 6.083 0 1
5 2 3 1 71 6 1 0 7 44 -25.094 3.178 0.733 32.650 44.523 0.337 -18.319 0.233 0.967 0 1
5 2 3 1 72 6 2 0 6 41 29.682 2.344 1.433 32.082 22.383 0.405 19.372 -0.150 1.283 0 1
6 1 1 2 1 1 1 0 10 48 -25.061 6.141 1.333 55.647 41.735 0.220 -21.295 -0.033 1.300 0 0
6 1 1 2 2 1 2 1 15 40 68.484 6.468 1.250 61.325 49.060 0.566 58.673 0.350 1.600 0 0
6 1 1 1 3 2 1 1 11 47 -22.106 6.179 0.550 44.180 80.327 0.230 -18.803 1.083 1.633 0 0
6 1 1 1 4 2 2 2 11 40 36.382 5.432 0.667 32.122 48.183 0.496 30.265 0.233 0.900 0 0
6 1 1 3 5 3 1 1 9 46 -11.693 10.207 1.850 91.921 49.687 0.085 -10.601 -1.733 0.117 0 0
6 1 1 3 6 3 2 3 14 39 81.623 5.875 1.450 92.470 63.772 0.592 68.848 0.183 1.633 0 0
6 1 1 1 7 4 1 1 9 46 -17.025 4.861 0.867 32.122 37.064 0.232 -13.860 -0.783 0.083 0 0
6 1 1 1 8 4 2 2 11 40 45.544 4.858 0.817 32.701 40.042 0.611 37.070 -0.267 0.550 0 0
6 1 1 2 9 5 1 2 9 46 -35.264 4.501 1.283 55.174 42.992 0.311 -28.238 -0.350 0.933 0 0
6 1 1 2 10 5 2 2 11 39 77.681 6.007 0.900 64.164 71.293 0.625 65.769 0.117 1.017 0 0
6 1 1 3 11 6 1 2 10 47 -22.166 7.791 1.917 91.372 47.672 0.161 -19.496 -0.500 1.417 0 0
6 1 1 3 12 6 2 2 14 36 77.769 5.310 1.717 92.470 53.866 0.564 64.419 2.017 3.733 0 0
6 1 2 1 13 1 1 1 8 46 -18.689 4.167 0.583 32.701 56.059 0.251 -14.701 0.900 1.483 0 0
6 1 2 1 14 1 2 2 10 43 40.739 5.083 0.633 32.701 51.633 0.546 33.464 -0.150 0.483 0 0
6 1 2 3 15 2 1 2 11 47 -15.453 8.889 1.867 91.921 49.243 0.112 -13.808 0.233 2.100 0 0
6 1 2 3 16 2 2 2 14 38 44.513 6.171 1.717 92.470 53.866 0.323 37.853 2.183 3.900 0 0
6 1 2 2 17 3 1 1 10 47 -24.189 3.466 1.300 53.470 41.131 0.218 -18.126 1.717 3.017 0 0
6 1 2 2 18 3 2 2 11 44 60.788 5.964 1.050 63.028 60.027 0.494 51.403 0.283 1.333 0 0
6 1 2 3 19 4 1 2 13 48 -31.441 5.390 1.633 93.018 56.950 0.228 -26.117 -0.467 1.167 0 0
6 1 2 3 20 4 2 2 15 37 40.817 5.578 1.717 91.921 53.546 0.296 34.117 4.883 6.600 0 0
W i
6 1 2 1 21 5 1 2 8 46 -29.025 3.167 0.783 33.859 43.224 0.378 -21.166 1.650 2.433 0 0
6 1 2 1 22 5 2 2 10 41 36.996 5.537 0.533 33.859 63.485 0.481 30.883 -0.067 0.467 0 0
6 1 2 2 23 6 1 2 10 47 -36.876 5.879 1.183 63.028 53.263 0.300 -31.108 0.183 1.367 0 0
6 1 2 2 24 6 2 2 12 40 47.412 5.168 1.400 63.596 45.426 0.384 39.071 1.883 3.283 0 0
6 1 3 3 25 1 1 2 11 47 -31.373 3.998 2.100 90.823 43.249 0.227 -24.430 -0.433 1.667 0 0
6 1 3 3, 26 1 2 2, 14 37 44.715. 6.428 1.800 91.921 51.067 0.324. 38.273 1.883 3.683 0 0
6 1 3 2 27 2 1 2 10 46 -43.270 4.785 1.333 64.732 48.549 0.347 -35.109 0.117 1.450 0. 0
6 1 3 2 28 2 2 2 13 38 41.092 5.862 1.250 67.476 53.981 0.322 34.647 2.767 4.017 0 0
6 1 3 1 29 3 1 2 8 46 -40.851 2.757 0.717 33.280 46.437 0.539 -28.422 0.583 1.300 0 0
6 1 3 1 30 3 2 2 10 42 42.337 4.681 0.550 32.701 59.456 0.568 34.193 -0.050 0.500 0 0
6 1 3 2 31 4 1 2 11 47 -40.283 5.052 1.200 65.300 54.416 0.321 -33.048 -0.383 0.817 0 0
6 1 3 2. 32 4. 2 2. 14 27 47.307, 5.607 1.333 64.732 48.549 0.379. 39.579 2.450 3.783 0 0
6 1 3 3 33 5 1 2 11 47 -33.109 4.099 2.000 91.921 45.960 0.240 -25.941 -0.400 1.600 0. 0
6 1 3 3 34 5 2 2 14 36 51.719 5.021 2.150 91.921 42.754 0.375 42.379 2.683 4.833 0 0
6 1 3 1 35 6 1 2 9 46 -34.125 2.666 0.467 35.498 76.068 0.426 -23.451 1.217 1.683 0 0
6 1 3 1 36 6 2 2 11 20 46.195 4.945 0.783 34.920 44.578 0.585 37.737 0.000 0,783 0 0
6 2 1 2 37 1 1 1 9 46, -38.563 4.337 1.200 61.958 51,632 0.317 -30.621 1.650 2.850 0 0
6 2 1 2, 38 1 2 2, 13 39 52.422 5.296 1.100 60.356 54.869 0.437 43.402 0.500 1.600 0 0
6 2 1 1 39 2 1 1 8 46 -33.570 4.691 0.467 34.259 73.411 0.432 -27.125 0.083 0.55 0
6 2 1 1 40 2 2 2 11 42 33.851 5.196 0.750 33.218 44.290 0.448 27.925 0.183 0.933 0 0
6 2 1 3 41 3 1 1 10 47 -38.291 5.017 1.633 90.090 55.157 0.277 -31.371 1.250. 2.883 0 0
6 2 1 3 42 3 2 2 15 36 59.830 6.654 1.983 90.090 45.423 0.434 51.482 0.083 2.067 0 0
6 2 1 1 43 4 1 1 9 46 -52.090 2.478 0.933 52.902 56.681 0.473 -34.795 -0.150 0783 0 0
6 2 1 1 44 4 2 2 12 40 36.458 4.491 0.583 32.650 55.971 0.490 29.179 0.167 0.750 0 0
6 2 1 2 45 5 1 2 11 47 -52.215 4.589 1.133 64.006 56.476 0.421 -41.990 0.783 1.917 0. 0
6 2 1 2 46 5 2 2 12 40 51.776 5.429 1.133 61.958 54.669 0.425 43.066 0.550 1.683 0l 0
6 2 1 3 47 6 1 2 11 47 -35.405 5.527 1.750. 90.090 51.480 0.257 -29.545. 1.283 3.033 0 0
6 2 1 3 48 6 2 2 14 38 62.839. 5.893 1.683 90.627 53.838 0.455 53.031 0.350 2.033 0 0
6 2 2 1 49 1 1 2 9 46 -50.584 3.174 1.000 41.640 41.640. 0.552 -36.913 0.167 1.167 0 0
6 2 2 1 50 1 2 2 10 42 34.334 5.712 0.617 35.394 57.396 0.430 28.820 0.350 0.967 0 0
6 2 2 3 51 2 1 2 11 47 -42.188 4.847 1.717 89.552 52.166 0.306 -34.324 0.467 2.183 0 0
6 2 2 3 52 2 2 2 14 39 38.742 6.813 1.833 90.090 49.140 0.281 33.453 3.750 5.583 0- 0
6 2 2 2 53 3 1 2, 11 46 -62.625 4.093 1.250. 62.938 50.350 0.510. -49.048 -0.150 1.100 0 0
6. 2 2 2 54 3 2 2 13 40 47.464. 5.130 1.367 60.890 44.554 0.394 39.057 2.650 4.017 0 0
6 2 2 3 55 4 1 2 11 47 -41.811 4.897 2.033 89.552 44.042 0.303 -34.089 0.433 2.467 0 0
6 2 2 3, 56 4 2 2 13 39 49.231 4.617 1.550 89.552 57.775 0.357 39.644 4.333 5.883 0 0
6 2 2 1 57 5 1 2 8 46 -41.011 4.065 0.700 39.369 56.242 0.469 -32.068 0.050 0.750 0 0
6 2 2 1 58 5 2 2 11 42 39.730 5.609 0.983 41.073 41.769 0.438 33.242 0.183 1.167 0. 0
6 2 2 2 59 6 1 2, 11 46 -45.546 4.869 1.367 60.356 44.163 0.380 -37.090 0.517 1.883 0l 0
61 2 2 2 60 6 2 2 12 40 34.701. 5.183 1.600 59.822 37.389 0.291 28.612 3.033 4.633 0 0
6 2 3 3 61 1 1 2 11 47 -50.270 4.369 1.667 89.552 53.731 0.364 -39.986 -0.617 1.050 0 0
6 2 3 3. 62 1 2 2 13 39 34.623 6.235 2.350 90.090 38.336 0.251 29.493 3.350 5.700 0 0
6 2 3 2 63 21 1 2 11 46 -50.687 4.185 1.333 64.540 48.405 0.407 -39.913 -0.167 1.167 0 0
6 2 3 2 64 2 2 2 12 40 35.905 5.172 1.450 61.869 42.669 0.295 29.592 2.967 4.417 0 0
6 2 3 1 65 3 1 2, 9 46 -37.771 3.766 0.617 35.962 58.317 0.466 -28.963 0.083 0.700 0. 0
6, 2 3 1 66 3 2 2 11 43 35.633 5.211 0.967 34.259 35.440 0.459 29.411 0.233 1.200 0 0
6 2 3 2 67 4 1 2 10 46 -54.508 3.911 1.400 61.869 44.192 0.448 -42.210 0.317 1.717 0 0
6 2 3 2 68 4 2 2 11 40 53.355 5.363 1.300 59.822 46.017 0.447 44.278 0.533 1.833 0 0
6 2, 3 3 69 5. 1 2 11 47 -37.576 3.147 1.833 89.552 48.846 0.272 -27.347 2.033 3.867 0 0
6 2 3 3 70 5 2 2 12 40 39.380 5.060 2.000 89.014 44.507 0.285 32.318 3.350 5.350 0 0
6 2 3 1 71 6 1 2. 8 46 -39.691. 3.707 0.733 37.098 50.588 0.477 -30.306 0.000 0.733 0- 0
6 2 3 1 72 6 2 2 11 42 38.267 5.010 0.783 39.369 50.258 0.437 31.342 0.433 1.217 0l 0
7 1 1 2 1 1 1 0 10 45 -39.110 9.314 1.717 61.667 35.922 0.322 -35.129 1.017 2.733 0 1
7 1 1 2. 2 1 2 1 12 45 20.656 10.339 1.600 66.019 41.262 0.164 18.752 1.833 3.433 0 1
7, 1 1 1 3 2 1 0 10 45 -17.190 15.670 0.8671 39.630 45.726 0.195 -16.127 1.633 2.500 0 11
7 1 1 1 4 2 2 1 11 45 23.095 5.343 1.5171 45.093 29.731 0.236 19.152 0.900 2.417 0 1
7 1 1 3 5 3 1 1 11 45, -60.408, 6.330 2.5671 89.637 34.923 0.438 -51.580 2.000 4.567 0 1
71 1 1 31 6 3 21 31 14 451 32.2711 9.8151 2.4671 90.182 36.560 0.234 29.145 0.067 2.533 0 1
7 1 1 1 7 4 1 2 12 45 -33.921 5.707 0.667 30.926 46.389 0.478 -28.469 0.433 1.100 0 1
7 1 1 1 8 4 2 3 14 45 12.877 2.468 0.783 29.815 38.061 0.188 8.587 -0.267 0.517 0 1
7 1 1 2 9 5 1 3 13 45 -32.637 8.324 1.800 62.222 34.568 0.267 -28.942 1.633 3.433 0 1
7 1 1 2 10 5 2 4 14 45 23.210 4.553 1.333 64.352 48.264 0.187 18.633 4.100 5.433 0 1
7 1 1 3 11 6 1 3 12 45 -26.983 7.223 1.917 90.182 47.051 0.196 -23.494 3.133 5.050 0 1
7 1 1 3. 12 6. 2 4 15 45 7.864. 1.721 1.950 88.638 45.455 0.057. 4.399 0.000 1.950 0 1
7 1 2 1 13 1 1 4 11 45 -28.5101 4.755 0.733 30.278 41.288 0.410 -23.103 0.317 1.050 0. 1
7 1 2 1 14 1 2 4 13 45 13.1971 8.423 0.817 30.278 37.075 0.190 11.719 0.050 0.867 0 1
7 1 2 3 15 2 1 4 11 45 -23.732 9.824 1.900 90.182 47.464 0.172 -21.435 3.483 5.383 0 1
7 1 2 3 16 2 2 4 13 45 30.050 5.896 2.000 90.182 45.091 0.218 25.362 0.550 2.550 0 1
7 1 2 2 17 3 1 4 13 45 -19.518 11.297 1.333 61.204 45.903 0.161 -17.864 3.233 4.567 0 1
7 1 2 2. 18 3. 2 5 14. 45 25.151 5.365 1.550 63.796 41.159 0.203. 20.874 2.550 4.100 0 1
7 1 2 3 19 4 1 4 11 45 -17.817 11.727 2.100 90.182 42.944 0.129 -16.360 2.583 4.683 0. 1
7 1 2 3 20 4 2 4 13 45 34.170. 3.642 2.383 89.637 37.610 0.248 25.966 5.500 7.883 0 1
7 1 2 1 21 5 1 4 11 45 -17.342 10.129 0.817 31.944 39.116 0.238 -15.712 1.367 2.183 0 1
7 1 2 1 22 5 2 4 11 45 13.542 3.328 0.700 29.259 41.799 0.201 10.027 0.317 1.017 0 1
7 1 2 2 23 6 1 4 12 45 -14.371 9.134 1.133 61.759 54.493 0.118 -12.881 7.683 8.817 0 1
7 1 2 2. 24 6. 2 51 14. 45 25.738 3.956 1.650 62.778 38.047 0.210. 19.989 2.383 4.033 0 1
7 1 3 3 25 1 1 4 12 45 -23.529 6.344 2.033 89.183 43.860 0.171 -20.098 5.750 7.783 0 1
7 1 3 3 26 1 2 5 14 45 15.613 2.435 2.117 89.637 42.348 0.113 10.355 8.550 10.667 0 1
7 1 3 2 27 2 1 5 12 45 -17.829 8.219 1.250 62.222 49.778 0.146 -15.787 6.283 7.533 0 1
7 1 3 2 28 2 2 5 15 45 15.381 2.620 2.033 63.241 31.102 0.125 10.501 7.500 9.533 0 1
7 1 3 1 29 3 1 5 11 45 -19.802 8.202 0.633 31.944 50.439 0.271 -17.529 1.483 2.117 0 1
7 1 3 1 30 3. 2 5 12, 45 6.572 2.078 1.017 30.833 30.328 0.093 4.061 5.433 6.450 0 1
7 1 3 2 31 4 1 4 11 45 -19.166 8.766 1.450 62.222 42.912 0.1571 -17.100 4.883 6.333 0. 1
7 1 3 2 32 4 2 5 13 45 13.3251 3.468 1.317 62.778 47.679 0.109 9.987 6.217 7.533 0 1
7 1 3 3 33 5 1 5 11 45 -18.346 7.915 1.833 89.092 48.596 0.133 -16.169 5.300 7.133 0 1
7 1 3 3 34 5 2 5 14 45 28.094 4.702 1.917 89.637 46.767 0.204 22.711 5.233 7.150 0 1
7 1 3 1 35 6 1 41 11 45 -22.092 6.345 0.617 34.074 55.255 0.286 -18.871 2.150 2.767 0 1
7 1 3 1 36 6- 2 4 11 45 21.713 3.764 1.133 39.074 34.477 0.250 16.647 1.083 2.217 0 1
7 2 1 2 37 1 1 0 9 45 -44.471 5.409 1.367 62.519 45.745 0.363 -36.964 2.267 3.633 0 1
7 2 1 2 38 1 2 1 12 45 29.004. 6.702 1.133 63.598 56.116 0.235 24.984 1.017 2.150 0 1
7 2 1 1 39 2 1 1 10 45 -49.464 3.840 0.850 32.187 37.867 0.673 -38.122 0.867 1.717 0 1
7 2- 1 1 40 2 2 1 12 45 35.881 4.921 1.050 38.484 36.651 0.418 29.282 -0.767 0.283 0 1
7 2 1 3 41 3 1 1 10 45 -30.580 5.296 1.867 89.554 47.976 0.222 -25.318 6.567 8.433 0 1
7 2 1 3. 42 3 2 2 13. 45 30.400 4.543 1.950 89.020 45.651 0.220 24.393 5.067 7.017 0 1
7 2 1 1 43 4. 1 2 10 45 -45.072 6.096 1.017 41.545 40.864 0.492 -38.253 1.083 2.100 0 1
7 2 1 1 44 4 2 2 12 45 27.647 5.018 0.933 32.187 34.486 0.376 22.652 -1.367 -0.433 0 1
7 2 1 2 45 5 1 2 12 45 -33.646 6.951 1.800 60.990 33.883 0.279 -29.137 6.167 7.967 0 1
7 2. 1 2 46 5 2 2 14 45 27.121 3.854 1.333 61.529 46.147 0.224 20.923 4.017 5.350 0 1
7 2 1 3 47 6 1 2 11 45 -30.306 7.228 1.750 89.020 50.868 0.220 -26.390 5.667 7.417 0 1
7 2 1 3, 48 6 2 2 13 45 31.462 2.897 1.683 88.485 52.565 0.228 22.277 6.250 7.933 0 1
7 2 2 1 49 1 1 2 10 45 -25.804 8.121 0.733 33.236 45.322 0.341, -22.814 1.250 1.983 0 1
7 2 2 1 50 1 2 2 12 45. 17.448 6.834 1.017 34.810 34.240 0.221 15.073 -1.100 -0.083 0. 1
7 2 2 3 51 2 1 2 12 45 -22.259 6.627 1.767 89.020 50.389 0.161 -19.141 8.150 9.917 0 1
7 2, 2 3 52 2 2 2 13 45 41.616 4.355 1.483 88.485 59.653 0.302 33.077 2.667 4.150 0 1
7 2 2 2 53 3 1 2 10 45 -26.298 6.603 1.850 60.450 32.676 0.219 -22.602 4.167 6.017 0 1
7 2 2 21 54 3 2 2 12 45 33.456 5.039 1.533 62.069 40.480 0.274 27.434 -0.467 1.067 0 1
7 2 2 3 55 4, 1 2 10, 45 -38.467. 6.343 1.867 88.485 47.403 0.279, -32.857 3.633 5.500 0 1
7 2 2 3 56 4 2 2 11 45 23.166 5.961 2.083 87.950 42.216 0.168 19.588 7.450 9.533. 0 1
7 2 2 1 57 5 1 2 11 45 -19.194 6.359 0.617 30.175 48.932 0.277 -16.401 2.850 3.467 0 1
7 2, 2 1 58 5 2 2 12 45 15.726 6.389 0.767 30.175 39.359 0.227 13.448 -0.033 0.733 0 1
7 2 2 2 59 6 1 2 10 45 -30.753 5.207 1.367 60.990 44.626 0.255 -25.379 4.967 6.333 0 1
7 2 2, 2 60 6 2 2 12 45 30.885 3.364 1.567 60.990 38.929 0.256 22.942 6.050 7.617 0 1
7 2 3 3 61 1 1 2. 10 45 -37.1401 3.441 1.683 88.485 52.565 0.269. -27.773 3.433 5.117 0. 1
7 2 3 3 62 1 2 2 11 45 35.863 4.323 1.533 88.485 57.708 0.260 28.457 5.350 6.883. 0 1
7 2 3 2 63 2 1 , 2 11 45 -26.5711 6.2021 1.133 61.529 54.291 0.2191 -22.614 3.433 4.5671 0 1
7 2 3 2 64 21 21 21 13 45 33.6551 5.7811 1.2501 61..529 49.223 0.2771 28.309 1.983 3.2331 0 1
1 0 0996C 66L6 069L6 619,0 99VL17 619'86 L180 9966Z 89969g 087 6 0 6 09 1 6 8
1 0 688 L OOL0O 686 681- 087L0 6L6S8V C9t',9C C8L0 9L89, 166'69- 087 0 0 L 617 1 6 6
0 090*8 096*9 876886C 1L6 L879617 896'68 0081 LC96 6064 9 087 9 0 6 9 887 C L 6 8
1 0 6816 C69*L 66096Z- 9Oz~O 9179 991768 0991 9961 LL6'86- 087 C 0 L 9 L87 C 1 8
1 0 096,9 09681 196081 L68O 961L87 166'99 001 1886?, 8LL'E9 08 87 0 6 9 987 6 1 8
1 0 0091 L9V9 L1806- 1L6'O 6 V18 9LL89 6661 00001 16966 08 6 0 1 .9 987 6 1 6
1 0 L968l 0966c L896 C6890 069187 66668I LL01 6166 09C,09 08? 8 0 6 t? 88 1 1
1 0 661 6860C' 919,09- 6660 6L9'917 69686E 09L*O 6969 9t86*L- 087 L 0 L 87 687 L ____ 8
1 0 LLC8 096,9 66668t 90870 90868zt 6E9L8 L907 896* 068,99 087 6 0 6 6 Z68 6 1 8
1 0 6688, 099*9 Z6L'6Z- 6660O 668,98 881889 6881 688*6 99666C- 98 61 0 1 6 L18 6 L 6 8
L 0 0987 6806z CL69E 699,0 OOL01 870616 L9L0O 6CL*C 96C*L8 08l 8 0 6 6 08l L L 6 8
L 0 L1 6860 L0 L8- 1080 888176 80616 6680M LC668 LL9'Lg- 087 L 0 1 66 1 8
L 0 096,9 L16*C 9L069 0190 06609 Z86*IL 661 18 18 91108 08 16 0 6 RE 86 6 8
1 0 10066C 0986' 96668- 6180 119*98 166'99 091 169 0606Z9- 987 9 0 1L L6 6 L 6 8
1 0 666,9 L9E68 9961 6160 898*66 887986 L98'0 6987 1987 087 17 0 6 9 96 1 C 8
1 0 6801 1960 6876881- C6610 870668j 89867 180 668? 16079- 0817 0 L 9 96 C 8
1 0 0061 196*9 6L19 96870 Z6919 1888 6691 90081 99109 08? L 0 6 9 86 6 6 1 8
L 0 686,9 0066C 86688- 6160O 96109 686'68 681 960o9 16669- 98 87 0 1 9 66 6 6 L 8
L 0 090*9 11681 66916E 66870 899*99 1606C9 6611 1016 19619g 08 9 0 6 87 66 6 6 1 8
L .0 6608v 661Z 16189- 8690O 661L87 61619 0061 869,9 169819- 68, 9 0 L 87 16 6 6 L 8
L 0 LLT0 0910 879986E 099*0 88088t 66066C L99.0 90881 86918l 08 6 0 6 6 06 L 6 L 8
L 0 681L 119'0 6c6089- 6180O 699,987 996087 L98'0 16687 6161- 08 L 0 C 6Z 1 6 1
1 0 098,9 19981 088*99 6690 89968 61 6 ZL9 6861 89L6 89VVL 08 9 0 6 6 86 6 6C 8
L 0 66681 6606C 61669- 619*0 068'09 9179'99 0061 918 9668v9- 08 6 0 L 6 LZ 6 6 L 8
L 0 008*6 09689 696867 8660 61919 686*68 091 L 6896 906,98 087 6 0 6 96 6 6 1 8
1 0 L99,9 6866 908,98- 00870 68069C 686'68 691, 9019 96199- 98, 6 0 L 96 6 6 L 8
L .0 1111 006'9 L1868 09870 0L189 969*99 L161 78866 0101L9 08l 9 0 6 9 86Z 6 6 8
1 0 6618 0986Z 688879- 6190 809,09 S8189 6861 6 9879 8890819- 087 6 0 L 9 66 6 6 1 8
L 0 1991 6801 80108 6610O 19169 99616 6890 L86 60619 087 6 0 6 9 66 1 z 8
1 0 L1181 099,0 6L189- 8960 000,98 000'66 L98'0 6LLT 990889- 08l 0 0 1 9 16 L 6 1 8
1 0 009'L 68879 6068 180V 9L19 686'68 1161 819*6 98699 087 01 0 6 87 06 6 6 1 8
1 0 L1189 1108t 88669 E- 98807' OL169 68Z68 001 8896'9 L1819- 987 6 0 L 8? 161 6 1 8
1 0 006,9 090,9 990*09 909*0 686*09 L6L6C9 0961 6688*1 11969 087 L 0 6 6 81 6 6 1 8
L 0 6696 0066z 699*69- 6LT0 96118I L6L6C9 6661 91889 LS81OL- 087 6 0 L 6 LI 6 6 1 8
L 0 L987L L9989 879L'09 119*0 988699 19888 0091 8 986C L9189L 087 01 0 6 6 91 6 6 1 8
1 0 09981 1L1V6 L1V9- 6680* 666*89 686*68 6691 969,9 60969- 09 8 0 1 6 91 6 6 1 8
1 0 19L'L 1101 9999 C660 896881 876166 0910 8,896C C689L 087 L 0 6 L 1 L 6 8
1 0 6816 6661 09618- 699'0 Z6668 7888*96 098,0 8696 8189- 087 L 0 L L 61 6 8
1 0 6818 0061 9 1818 0880' 969'69 L1888 6881 L 1608t L9L'09 087 8 0 6 9 61 6C 8
L 0 689,9 09681 66V18- 6660O L96'99 686'68 EC 666 6L181 10199- 98 6 0 L 9 1L 6 C 1
1 0 L9V9 1168'1 1116V9 1190O L69'68 60619 0961 L CUT L69'69 087 8 0 6 9 01 6 1 1
L 0 1986* 1966Z 68199- 9990o 06909 969,09 0061 6819 L1699- 987 9 0 1 9 6 6 1
L 0 M86 6860o 987608? 917L0 980867 11906 006*0 8608t 69869z 08, 6 0 6 87 8 1 1
L 0 L91' LIL0 961687- 1990 6118t 908,96 0910 8698t 96969g- 087 8 0 t1 8 L 8
L 0 6808s 66879 61088 6080* 9811 9 68698 0991 966 6681 Z199 087 01 1 6 6 9 6 1
L 0 LWO9 66981 96968I- 6960 19'09 000*06 68871 9999 689*68- 987 8 0 L 6 9 6 1
L 0 0901 006 6O 96'987 9910 188868I 61966 09L0 L91V9 C66699 087 8 0 6 6 87 L 1 L 8
1 L966 6696z 8198g- 0810' 96888t 99608l 6680 9L6* 080,99- 08, L 0 1 6 C 8
L 0 006*0 118*0- 6166 006'0 669*98 16009 LL161 L86*9 LL9'L01 087 01 0 6 1 6 6 9
L___ 0 00881 6686 868679- 8L870 069'687 60619 L91 669'9 86019- 087 01L 0 1 1 9
L 0 006*0 190'0 960,91 9860o 088996 00106C 6680 0LC18 69106Z 98 6 6 6 9 ZL L 6 6 L
L 0 0086* 098Z 8191- 0660O 60669g 099'66 099,0 696'9 61861 98 6 6 9 L L 6 6 L
1 0 686'6 689L LZ09 1 610 6O06,99 9888*8 0091 8 18 L9906Z 987 L1 6 6 9 OL 6 6 6 L
L .0 C669 0018 168-96- L860* 686'987 9888*8 6881 86681 87L0867- 987 6 6 1 9 69 6 6 6 L
L 0 00981 C666 9696 8660?' 6Z6686 066*09 L991 6988*1 L6 V86 987 L1 6 6 8 89 6 6 6 L
1 0 68981 0016 9L806Z- 1060 EgL'01 098709 6881 68L9g 6186- 98 01 6 1 78 L9 6 6 6 L
L 0 0996Z 0081 68611L 9060o 688867 099*66 098*0 9698, 1801 98 01 6 6 6 99 L 6 6 L
1 0 6681 0961* 1L&6- 87960 0E668 10986Z 690 87669 66086?- 987 16 6 L 6 99 1 6e 6 L
8 2 2 3 51 2 1 0 4 45 -23.049 8.010 1.800 88.819 49.344 0.167 -20.343 8.717 10.517 0 1
8 2 2 3 52 2 2 0 6 40 44.631 3.189 1.800 89.364 49.647 0.323 32.619 6.167 7.967 0 1
8 2 2 2 53 3 1 0 2 40 -36.312 6.013 1.283 66.536 51.846 0.287 -30.748 5.550 6.833 0 1
8 2 2 2 54 3 2 0 2 40 42.960 2.017 1.483 68.896 46.446 0.334 26.163 7.450 8.933 0 1
8 2 2 3 55 4 1 0 4 45 -32.031 6.324 1.600 90.000 56.250 0.232 -27.346 6.200 7.800 0 1
8 2. 2 3. 56 4. 2 0 3 40 42.717. 2.531 1.967 90.000 45.763 0.310. 28.773 6.167 8.133 0 1
8 2 2 1 57 5 1 0 1 40 -53.144 4.312 0.833 37.315 44.778 0.635 -42.144 1.550 2.383 0 1
8 2 2 1 58 5 2 0 2 40 41 .961 3.048 0.817 32.407 39.683 0.567 30.226 2.550 3.367 0 1
8 2 2 2 59 6 1 0 2 40 -49.789 5.189 1.483 61.180 41.245 0.412 -41.062 4.250 5.733 0 1
8 2 2 2 60 6 2 0 3 40 40.534 3.209 1.217 59.365 48.793 0.341 29.682 5.233 6.450 0. 1
8 2 3 3 61 1 1 0 3 45 -24.221 6.712 2.033 89.364 43.950 0.176 -20.869 6.483. 8.517 0 1
8 2. 3 3. 62 1 2 0 3 40 27.184. 3.679 1.983 87.003 43.867 0.197. 20.714 7.933 9.917 0 1
8 2 3 2 63 2 1 0 1 40 -30.676 7.360 1.300 63.540 48.877 0.248 -26.778 5.967 7.267 0 1
8 2 3 2 64 2 2 0 4 40 33.025 2.832 1.250 62.360 49.888 0.270 23.199 5.967 7.217 0 1
8 2 3 1 65 3 1 0 0 40 -44.262 4.280 0.950 37.315 39.279 0.529 -35.040 2.150 3.100 0 1
8 2 3 1 66 3 2 0- 0 40 30.229 3.626 0.933 35.463 37.996 0.378 22.944 3.350 4.283 0- 1
8 2 3 2 67 4 1 0 1 40 -13.774 4.980 1.400 65.356 46.683 0.110 -11.268 10.783 12.183 0l 1
8 2- 3 2- 68 4- 2 1 3 40 38.725 3.834 1.400 67.171 47.979 0.304 29.834 4.017 5.417 0l 1
8 2 3 3 69 5 1 2 4 45 -21.439. 7.264 1.800 88.819 49.344 0.1551 -18.681 5.617 7.417 0 -1
8 2 3 3 70 5 2 2 6 40 69.007 3.392 2.033 88.184 43.369 0.500 51.387 4.917 6.950 0 1
8 2 3 1 71 6 1 1 2 40 -45.839 3.799 0.733 34.259 46.717 0.590 -35.230 1.183 1.917 0 1
8 2 3 1 72 6 2 1 3. 40 52.523 2.845 0.850 33.056 38.889 0.698 36.956 1.650 2.500 0 1
9 1 1 2 1 1 1 0 10 43 -59.340 4.560 1.400 57.360 40.971 0.511 -47.655 -0.033. 1.367 1 0
9 1 1 2. 2 1 2 0 12 43 68.809 7.230 1.283 61.275 47.746 0.569 59.920 0.850 2.133 1 0
9 1 1 1 3 2 1 0 11 44. -37.752 3.339 0.667 31.935 47.903 0.517. -27.981 -0.067 0.600 1 0
9 1 1 1 4 2 2 1 10 45 39.401 5.940 0.700 33.774 48.249 0.514 33.296 0.967 1.667 1 0
9 1 1 3 5 3 1 0 8 42 -59.552 5.531 1.600 90.000 56.250 0.432 -49.703 0.267 1.867 1 0
9 1 1 3 6 3 2 2 13 45 62.577 5.926 1.833 90.457 49.340 0.453 52.860 6.017 7.850 1 0
9 1 1 1 7 4 1 0 7 50 -30.612 2.847 0.833 33.774 40.529 0.399 -21.545 0.583_ 1.417 1 0
9 1 1 1 8 4. 2 1 10. 45 40.656. 6.217 0.700 34.258 48.940 0.523 34.616 0.633 1.333 1 0
9 1 1 2 9 5 1 1 8 45 -46.298 3.824 1.283 63.096 49.165 0.376 -35.645 1.450 2.733 1 0
9 1 1 2 10 5 2 3 15 42 60.100 5.694 1.133 65.281 57.601 0.479 50.420 3.133 4.267 1 0
9 1 1 3 11 6 1 1 10 53 -41.707 4.569 1.800 90.915 50.508 0.302 -33.509 1.433 3.233 1 0
9 1 1 3 12 6 2 3 15 43 70.781 9.335 1.767 90.457 51.202 0.513 63.591 3.467 5.233 1 0
9 1 2 1 13 1 1 2 12 50 -50.109 2.991 0.517 37.065 71.738 0.602 -35.867 0.733 1.250 1 0
9 1 2 1 14 1 2 2 10 45 49.080 4.403 0.817 39.387 48.229 0.560 39.108 1.567 2.383 1 0
9 1 2 3 15 2 1 1 10 43 -48.435 5.234 1.483 90.457 60.982 0.351 -40.011 1.367 2.850 1 0
9 1 2 3 16 2 2 4 15 43 89.864 6.405 2.000 89.543 44.771 0.651 76.874 3.400 5.400 1 0
9 1 2 2 17 3 1 2 8 50 -52.606 3.809 1.317 63.096 47.921 0.427 -40.458 0.250 1.567 1 0
9 1 2 2 18 3 2 4 14 45 40.553 4.474 1.200 67.921 56.601 0.317 32.431 5.550 6.750 1 0
9 1 2 3 19 4 1 3 12 50 -34.270 3.819 1.967 89.543 45.530 0.248 -26.375 3.550 5.517 1 0
9 1 2 3. 20 4. 2 4 15 40 57.905 6.048 1.717 90.000 52.427 0.420 49.080 4.800 6.517 1 0
9 1 2 1 21 5 1 2 10 45 -35.665 2.256 0.717 34.258 47.802 0.459 -22.893 0.850 1.567 1 0.
9 1 2 1 22 5 2 3 12 52 51.141 4.525 0.733 33.290 45.396 0.675 41.002 0.050 0.783 1 0
9 1 2 2 23 6 1 3 12 41 -51.888 3.510 1.167 63.096 54.082 0.422 -39.025 0.517 1.683 1 0
9 1 2 2 24 6 2 5 14 45 51.384 4.868 1.600 63.096 39.435 0.418 41.842 4.400. 6.000 1 0
9 1 3 3 25 1 1 3 12, 52 -45.193, 3.941 1.883 90.457 48.030 0.327 -35.064 0.967 2.850 1 0
9 1 3 3, 26 1 2 4 15 40 55.607 3.523 2.150 90.000 41.860 0.403. 41.867 3.317 5.467 1 0
9 1 3 2 27 2 1 3 11 43 -57.103 2.782 1.250 61.821 49.457 0.469 -39.860 0.433 1.683 1 0.
9 1 3 2 28 2 2 5 14 45 58.093 5.789 1.283 62.640 48.8-11 0.474 48.877 3.633 4.917 1 0
9 1 3 1 29 3 1 3 10 41 -36.602 2.897 0.817 34.258 41.949 0.471 -25.918 0.283 1.100 1 0
9 1 3 1 30 3 2 4 12 40 51.485 4.192 0.700 34.258 48.940 0.663 40.559 0.600 1.300 1 0
9 1 3 2 31 4 1 3 12. 45 -35.852. 4.939 1.217 62.640 51.485 0.293 -29.280 1.233 2.450 1 0
9 1 3 21 32 4. 2 4 14 40 35.682 3.975 1.300 63.096. 48.535. 0.290. 27.745 5.350 6.650 1 0
9 1 3 3 33 5 1 3 11 55 -31.774 4.036 1.867 90.457 48.459 0.230 -24.800 2.150 4.017 1 0.
9, 1 , 3 3 34 5 2 5 16 43 66.457 4.889 1.750 90.457 51 .690 0.4821 54.163, 5.517 7.267 1 0
91 11 3 1 35 6 1 2 8 43 -32.676 2.427 0.817 33.774 41.356 0.426 -21.6411 0.167 0.983 1 0
91 11 3 11 36 6 21 2 10 40 39.538 4.748, 0.783 33.774 43.116 0.515i 32.0291 0.2331 1.0171 11 0
9 2 1 2 37 1 1 0 6 43 -64.393 4.104 1.567 60.813 38.817 0.534 -50.468 -0.083 1.483 1 0
9 2 1 2 38 1 2 0 10 45 94.549 5.875 1.250 66.145 52.916 0.749 79.750 0.617 1.867 1 0
9 2 1 1 39 2 1 0 8 45 -39.970 3.337 1.400 39.636 28.312 0.454 -29.621 0.117 1.517 1 0
9 2 1 1 40 2 2 1 10 43 59.269 5.275 0.817 41.455 50.761 0.649 49.034 0.283 1.100 1 0
9 2 1 3 41 3 1 0 7 46 -45.771 5.159 2.000 90.000 45.000 0.332 -37.706 0.933 2.933 1 0
9 2, 1 3. 42 3, 2 1 121 45 74.138, 5.096 1.767 90.362 51.148 0.537 60.928 4.100 5.867 1 0
9 2 1 1 43 4 1 0 7 43 -40.859 3.132 0.817 33.909 41.521 0.531 -29.690 0.083 0.900 1 0
9 2 1 1 44 4 2 1 10 46 51.170 5.078 0.817 34.364 42.078 0.657 42.023 0.700 1.517 1 0
9 2 1 2 45 5 1 0 8 45 -52.290 3.324 1.450 65.241 44.994 0.417 -38.704 0.783 2.233 1 0
9 2 1 2 46 5 2 2 11 44 78.468 4.376 1.167 67.861 58.167 0.614 62.437 3.350 4.517 1 0
9 2 1 3 47 6 1 0 8 46 -49.601 5.470 1.650 90.362 54.765 0.359 -41.313 0.183 1.833 1 0
9 2 1 3. 48 6. 2 2. 11 45 70.637 4.528 1.717 89.547 52.163 0.512 56.638 4.800 6.517 1 0
9 2 2 1 49 1 1 0 6 44 -32.090 3.387 0.733 33.455 45.620 0.422 -23.886 0.350 1.083 1 0
9 2 2 1 50 1 2 1 10 43 53.017 4.470 0.717 34.818 48.584 0.673 42.388 1.367 2.083 1 0
9 2 2 3 51 2 1 1 10 44 -39.096 5.611 1.750 90.362 51.636 0.283 -32.714 1.800 3.550 1 0
9 2 2 3 52 2 2 2 12 47 77.909 4.573 1.717 89.547 52.163 0.565 62.606 3.750 5.467 1 0
9 2, 2 2 53 3 1 0 8 43 -31.073 5.319 1.200 66.596 55.497 0.245, -25.747 1.217 2.417 1 0
9 21 2 2 54 3. 2 1 10 44 80.439 5.071 1.217 67.048 55.108 0.633 66.041 2.183 3.400 1 0
9 2 2 3 55 4 1 1 8 47 -33.175 4.943 1.683 90.362 53.680 0.240 -27.099 1.717 3.400 1 0
9 2 2 3 56 4 2 2 11 43 63.159 5.673 1.800 89.547 49.748 0.458 52.953 4.333 6.133 1 , 0
9 2 2 1 57 5 1 0 6 45 -41.121 2.796 0.783 37.455 47.814 0.490 -28.755 0.667 1.450 1 0
9 2 2 1 58 5 2 1 10 44 51.613 6.705 0.850 37.909 44.599 0.609 44.462 0.400 1.250 1 0
9 2 2 2. 59 6 1 1 9 43 -47.348. 3.240 1.450 63.524 43.810 0.383. -34.774 1.283 2.733 1 0
9 21 2 2 60 6- 2 2- 11 47 51.520 4.081 1.300 63.976 49.212 0.415 40.323 5.850 7.150 1 0
9 2 3 3 61 1 1 0 8 45 -37.216 5.051 1.717 90.000 52.427 0.270 -30.531 1.017 2.733 1 0
9 2 3 3 62 1 2 2 12 47 61.985 5.116 2.217 89.547 40.397 0.449 50.980 4.450 6.667 1 0
9 2 3 2 63 2 1 0 7 44 -44.476 3.381 1.283 61.355 47.809 0.367 -33.088 1.250 2.533 1 0
9 2 3 2 64 2 2 1 3 47 68.442 4.624 1.217 62.169 51.098 0.561 55.131 3.700 4.917 1 0
9 2 3 1 65 3 1 0 6 48 -43.208 2.848 0.950 37.000 38.947 0.520. -30.415 0.500 1.450 1 0
9 2. 3 1 66 3- 2 1 9 43 57.521. 7.005 0.850 36.091 42.460 0.708 49.869 -0.200 0.650 1 0
9 2 3 2 67 4 1 1 9 47 -56.773 3.155 1.567 61.717 39.394 0.467 -41.352 0.583 2.150 1 0
9 2 3 2 68 4 2 2 10 43 60.735 5.714 1.100 61.717 56.106 0.500 50.984 3.233 4.333 1 0
9 2 3 3 69 5 1 0 7 43 -43.020 2.930 1.600 88.642 55.401 0.312 -30.582 2.300 3.900 1 0
9 2 3 3 70 5 2 2 12 43 51.720 4.314 1.800 89.095 49.497 0.375 41.019 6.683 8.483 1 0
9 2 3 1 71 6 1 0 6 44. -8.633 7.203 0.817 33.091 40.519. 0.115 -7.514 3.200 4.017 1 0
9 2. 3 1 72 6. 2 1 8 45 50.631. 5.661 0.950 34.818 36.651 0.643 42.432 0.150 1.100 1 0
10 1 1 2 1 1 1 1 10 45 -71.874 6.644 1.133 63.075 55.654 0.584 -61.830 0.283 1.417 0 0
10 1 1 2 2 1 2 3 14 47 59.607 5.286 1.217 63.075 51.842 0.484 49.333 0.350 1.567 0 0
10 1 1 1 3 2 1 3 4 47 -51.071 3.715 0.817 34.966 42.815 0.646 -39.017 0.350 1.167 0 0
10 1 1 1 4 2 2 3 9 43 41.557 5.648 0.517 34.966 67.675 0.525 34.814 0.150 0.667 0 0
10 1 1 3 5 3 1 4 12 48 -91.674 6.272 1.683 89.547 53.196. 0.664 -78.163 0.733 2.417 0 0.
10. 1 1 3 6 3. 2 4 15 42. 83.921 4.554 1.717. 90.544 52.744 0.608 67.377 0.667. 2.383 0 0
10 1 1 1 7 4 1 4. 5 45 -41.833 6.077 0.583 34.966 59.941 0.529 -35.486 0.350 0.933 0 0
10 1 1 1 8 4 2 4 8 45 46.325 5.946 0.517 35.586 68.877 0.577 39.154 0.467 0.983 0 0
10 1 1 2 9 5 1 4 10 42 -67.864 5.359 1.217 63.540 52.225 0.549 -56.312 0.183 1.400 0 0
10 1 1 2. 10 5 2 4 13 42 89.733 5.073 1.133 63.075 55.654 0.729 73.678 0.383 1.517 0 0
10 1 1 3 11 6 1 4 9 47 -76.381. 6.239 1.833 90.091 49.140 0.553 -65.069 0.700 2.533 0 0
10 1 1 3 12 6 2 5 13 43 102.155 5.122 1.833. 90.544 49.388 0.740 84.036 0.733 2.567 0 0
10 1 2 1 13 1 1 6 7 46 -37.657 3.584 0.750 36.103 48.138 0.463 -28.489 0.467 1.217 0 0
10 1 2 1 14 1 2 6 10 44 50.010 5.639 0.667 35.586 53.379 0.623 41.883 0.117 0.783 0 0
10 1 2 3 15 2 1 5 10 46 -73.799 5.303 1.633 89.547 54.825 0.535 -61.115 0.717 2.350 0 0
10 1 2 3. 16 2 2 6 15 44 67.496 5.159 1.917 90.544 47.240 0.489 55.604 2.700 4.617 0 0
10 1 2 2 17 3 1 6 10 47 -65.509. 5.141 1.050 63.075 60.071. 0.532 -53.929 0.983 2.033 0. 0
10 1 2 2 18 3 2 6 13 44 104.858 5.144 1.417 72.857 51.429 0.795 86.331 0.617, 2.033 0 0
10 1 2 3 19 4 1 6. 9. 47 -71.674 5.588 1.750 89.547 51.170 0.519 -59.930 0.900 2.650 0 0
10 1 2 3 20 4 2 6 111 48 56.587 4.903 1.883 88.187 46.825 0.4101 46.147 4.017 5.900 0 0
10 1 2 1 21, 51 1 6 71 45 -43.028 3.779 0.633 36.103 57.005 0.5291 -33.024 0.417 1.050 0 0
10 1 2, 1 221 51 2 6 91 44 54.343 3.569 0.583 34.448 59.054 0.6961 41.064 0.200 0.783 0 0
10 1 2 2 23 6 1 6 9 46 -82.982 3.768 1.283 62.516 48.713 0.678 -63.637 0.550 1.833 0 0
10 1 2 2 24 6 2 7 10 45 83.020 3.956 1.167 61.584 52.786 0.684 64.478 0.783 1.950 0 0
10 1 3 3 25 1 1 5 7 47 -50.263 3.756 1.767 89.547 50.687 0.364 -38.514 0.467 2.233 0 0
10 1 3 3 26 1 2 6 10 44 36.105 5.007 1.750 89.094 50.911 0.262 29.569 4.300 6.050 0 0
10 1 3 2 27 2 1 6 7 46 -84.667 3.053 1.217 61.584 50.617 0.698 -61.016 0.467 1.683 0 0
10 1 3 2, 28 2. 2 7 13 43 60.498. 4.367 1.050 63.540 60.515 0.490. 48.115 0.667 1.717 0 0
10 1 3 1 29 3 1 61 6 46 -46.728 3.561 0.550 34.448 62.633 0.599 -35.287 0.233 0.783 0. 0
10 1 3 1 30 3 2 61 10 44 49.563 3.343 0.483 36.103 74.697 0.610 36.750 0.650 1.133 0 0
10 1 3 2 31 4 1 6 10 46 -67.419 4.619 1.167 62.516 53.585 0.551 -54.294 0.350 1.517 0 0
10 1 3 2 32 4 2 7 12 44 40.380 6.930 1.100 62.516 56.832 0.330 34.954 1.800 2.900 0 0
10 1 3 3 33 5 1 7 8. 46 -66.227 5.846 1.683 89.094 52.927 0.480 -55.814 0.617 2.300 0 0
10 1 3 3. 34 5. 2 8 12 43 66.453. 4.790 1.767 88.187 49.917 0.482 53.932 3.033 4.800 0 0
10 1 3 1 35 61 1 7 6 46 -50.032 3.610 0.750 37.759 50.345 0.592 -37.928 0.200 0.9501 0 0l
10 1 3 1 36 6 2 8 9 41 40.631 4.949 0.583 37.138 63.665 0.488 33.197 1.133 1.717 0 0
10 2 1 2 1 1 1 0 9 45 -48.978 4.681 1.050 65.771 62.639 0.389 -39.557 0.900 1.950 0 06
10 2 1 2 2 1 2 0 10 46 48.820 5.279 0.933 57.618 61.734 0.419 40.395 0.433 1.367 0 0
10 2 1 1 3 2 1 0 5, 45 -38.666 4.853 0.550 30.559 55.562 0.551 -31.466 0.150 0.700 0 0
10 2, 1 1 4 2 2 0 8 44 24.791. 7.016 0.483 31.584 65.346 0.343. 21.498 0.500 0.983 0- 0
10 2 1 3 5 3, 1 0 7 46 -52.207 5.785 1.800 89.089 49.494 0.378 -43.919 1.567 3.367 0l 0.
10 2 1 3 6 3 2 0 13 45 66.263 4.440 1.833 89.545 48.842 0.480 52.901 0.467 2.300 0 0
10 2 1 1 7 4 1 0 5 46 -42.332 3.831 0.667 31.491 47.236 0.587 -32.607 0.467 1.133 0 0
10 2 1 1 8 4 2 0 7 44 37.529 4.041 0.633 32.050 50.605 0.512 29.301 0.267 0.900 0 0
10 2 1 2 9 5 1 0 7. 46 -62.286 5.086 1.367 61.557 45.042 0.513 -51.168 0.233 1.600 0 0
10 2, 1 2. 10 5 2 0 9 46 63.170. 5.324 1.083 60.550 55.892 0.526. 52.353 0.667 1.750 0 0
10 2 1 3 11 6, 1 0 6 46 -60.717 5.222 1.833 90.547 49.389 0.440 -50.136 0.500 2.333 0. 0
10 2 1 3 12 6 2 0 12 45 68.447 5.390 1.767 89.089 50.428 0.496 56.856 0.700 2.467 0 0
10 2 2 1 13 1 1 0 4 45 -35.843 4.073 0.550. 32.050 58.272 0.489 -28.040 0.000 0.550 0 0
10 2 2 1 14 1 2 1 6 46 33.640 4.913 0.533 31.957 59.918 0.461 27.445 0.200 0.733 0 0
10 2 2 3 15 2 1 1 6. 46 -50.924 4.910 2.000 90.455 45.228 0.369 -41 .540 0.700 2.700 0 0
10 2, 2 3. 16 2 2 1 10 45 65.206 4.695 1.833 90.000 49.091 0.473 52.698 1.283 3.117 0 0
10 2 2 2 17 3 1 1 5 46 -69.880 3.887 1.400 62.931 44.951 059 -54.030 0.200 1.600 0- 0
10 2 2 2 18 3 2 1 9 44 70.024 4.538 1.250 62.473 49.979 0.572 56.175 0.617 1.867 0l 0
10 2 2 3 19 4 1 1 6 46 -52.062 5.229 2.150 90.000 41.860 0.377 -43.000 0.067 2.217 0l 0
10 2 2 3 20 4 2 1 10 45 48.861 4.534 1.717 88.634 51.631 0.354 39.190 2.917 4.633 0 0
10 2 2 1 21 5 1 1 3 45 -45.807 2.981 0.700 33.447 47.782 0.602 -32.754 0.200 0.900 0 0
10 2. 2 1 22 5. 2 1 6 44 39.931. 3.966 0.617 32.516 52.728 0.538 31.031 0.433 1.050 0 0
10 2 2 21 23 61 1 1 5 46 -53.1681 3.636 1.333 61.924 46.443 0.437 -40.383 0.467 1.800 0 0
10 2 2 2 24 6 2 1 8 44 67.349 4.426 1.200 60.550 50.458 0.560 53.728 0.717 1.917 0 0
10 2 3 3 25 1 1 1 4 46 -38.571 5.094 1.717 89.089 51.897 0.280 -31.696 0.083 1.800 0- 0
10 2 3 3 26 1 2 1 10 45 82.193 4.309 1.833 89.089 48.594 0.596 65.171 1.167 3.000 0l 0
10 2 3 2 27 2 1 1 4, 46 -50.171 3.881 1.217 62.473 51.348 0.410 -38.775 0.850 2.067 0 0
10 2. 3 2 28 2 2 1 8 44 74.324 4.912. 1.333 69.160 51.870 0.576 60.633 0.583 1.917 0 0
10 2 3 1 29 3 1 1 2 46 -39.493 3.484 0.583 31.491 53.984 0.548 -29.639 0.433 1.017 0 0
10 2 3 1 30 3 2 1 6 44 46.739 3.726 0.550 32.422 58.950 0.632 35.736 0.200 0.750 0 0
10 2 3 21 31 4 1 1 5 46 -47.530 3.748 1.283 61.557 47.967 0.392 -36.399 0.700 1.983 0 0
10 2 3 2 32 4 2 1 8 45 75.961 4.163 1.183 61.008 51.556. 0.629 59.740 0.467 1.650 0. 0
10 2 3 3 33 5 1 1 5. 46 -46.142 4.012 2.217 91.002 41.054 0.334 -35.961 1.300 3.517 0 a
10 2, 3 3 34 51 2 1 101 44 74.073. 4.580 1.783 89.089 49.956 0.537 59.543 1.100 2.883 0 0
10 2 3 1 35 6 1 1 3 45 -36.618 2.940 0.550 32.981 59.966 0.487 -26.061 0.617 1.167 0 C
10 2 3 1 36 6 2 1 6 45 42.933 4.455 0.650 32.516 50.024 0.579 34.301 -0.033 0.617 0 0
11 1 1 2, 1 1 1 0 10 46 -38.525 3.104 1.317 59.455 45.156 0.324 -27.916 2.850 4.167 1 0
11 1 1 21 2 1 2 0 60 43 97.260 3.259 1.367 61.906 45.297 0.799 71.560 3.017 4.383 1 0
11 1 1 1 3 2 1 0, 10 46, -10.045 5.271 0.850 33.293 39.168 0.133 -8.309 0.083 0.933 1 0
11 1 1 1 4 21 2 0 30 45 93.115 4.012 0.933 36.768 39.395 1.127 72.572 0.283 1.217 1 0
11 1 1 3 5 3 1 0 20 45 -20.497 4.934 2.000 89.550 44.775 0.149 -16.736 2.383 4.383 1 0
11 1 1 3 6 3 2 0 60 45 94.375 3.178 1.517 85.225, 56.192 0.686 68.898 4.800 6.317 1 0
11 1 1 1 7 4 1 0 15 46 -20.638 4.354 0.783 34.2991 43.786 0.265 -16.403 0.1831 0.967 1 0
11 1 1 1 8 41 2, 0 30 4 74.0171 3.481, 0.983 43.0791 43.809, 0.785, 55.5331 2.1831 3.167, 1 =0
11 1 1 2 9 5 1 0 20 46 -32.789 3.431 1.167 61.906 53.062 0.269 -24.499 0.850 2.017 1 0
11 1 1 2 10 5 2 0 30 45 82.915 3.060 1.133 61.452 54.223 0.684 59.798 4.133 5.267 1 0
11 1 1 3 11 6 1 0 30 45 -28.730 3.544 2.000 90.000 45.000 0.208 -21.667 2.450 4.450 1 0
11 1 1 3 12 6 2 0 60 45 84.863 3.723 1.983 87.117 43.925 0.616 64.874 3.750 5.733 1 0
11 1 2 1 13 1 1 0 15 46 -15.333 2.217 0.817 32.927 40.319 0.204 -9.766 2.233 3.050 1 0
11 1 2. 1 14, 1 2, 0 40. 45 72.227, 3.119 1.000 40.152 40.152 0.812, 52.417 2.150 3.150 1 0
11 1 2 3 15 2 1 0 15 45 -26.753 4.216 1.950 90.450 46.385 0.194 -21.104 1.683 3.633 1 0
11 1 2 3 16 2 2 0 50 45 66.283 4.255 1.567 84.324 53.824 0.483 52.401 4.450 6.017 1 0
11 1 2 2 17 3 1 0 30 45 -39.507 3.126 1.283 67.171 52.341 0.311 -28.691 1,483 2.767 1 0
11 1 2 2 18 3 2 1 40 45 80.412 4.609 1.283 67.716 52.765 0.630 64.727 2.467 3.750 1 0
11 1 2 3, 19 4, 1 0 20 47 -23.236 3.395 2.067 88.559. 42.851 0.168 -17.307 1.633. 3.700 1 0
11 1 2 3 20 4 2 0 30 43, 75.841 4.187 2.000 86.667 43.3331 0.551. 59.729 4.100 6.100 1 0
11 1 2 1 21 5 1 0 5 45 -22.891 3.730 0.783 33.841 43.202 0.298 -17.508 0.500 1.283 1 0
11 1 2 1 22 5 2 0 20 45 82.445 3.702 0.850 40.152 47.238 0.927 62.927 1.167 2.017 1 0
11 1 2 2 23 6 1 0 10 45 -18.912 3.756 1.283 57.095 44.490 0.163 -14.491 0.583 1.867 1 0
11 1 2 2 24 6 2 0 15 43 62.814 3.632 1.250 61.362 49.089 0.519 47.698 3.983 5.233 1 0
11 1 3 3 25 1 1, 0 15 43 -15.600, 4.370 1.833 90.000 49.091 0.113 -12.409 0.867 2.700 1 0
11 1 3 3 26 1 2 0 35 45 72.045 3.251 1.717 87.568 51.010 0.523 52.968 5.317 7.033 1, 0
11 1 3 2 27 2 1 0 10 43 -20.614 4.423 1.367 62.814 45.961 0.168 -16.443 0.233 1.600 1 0
11 1 3 2 28 2 2 0 40 45 63.245 3.787 1.050 61.815 58.872 0.520 48.567 3.633 4.683 1 0
11 1 3 1 29 3 1 0 5 44 -14.969 1.974 0.817 31.372 38.415 0.208 -9.019 2.683 3.500 1 0
11 1 3. 1 30. 3 2 0 15. 45 78.361 3.623 1.100 40.152 36.502 0.881 59.460 1.633 2.733 1 0
11 1 3 2 31 4 1 0 5 45 -24.9021 2.591 1.367 63.812 46.692 0.201 -16.928 1.683 3.050 1 0
11 1 3 2 32 4 2 0 20 45 64.116 5.126 1.133 60.454 53.342 0.534 52.753 1.483 2.617 1 0
11 1 3 3 33 5 1 0 15 47 -16.092 4.282 1.867 88.559 47.442 0.117 -12.740 1.167 3.033 1 0
11 1 3 3 34 5 2 0 25 45 68.519 3.872 1.983 87.207 43.970 0.497 52.923 4.733 6.717 1 0
11 1 3 1 35 6 1 0 5 45 -15.385 2.407 0.783. 35.213 44.953 0.193 -10.155 1.683 2.467 1 0
11 1. 3 1. 36 6 2 0. 25 45 79.103 3.569 0.900 45.457 50.508 0.804 59.771 2.067 2.967 1 0
11 2 1 2 1 1 1 0 7 45 -29.266 4.865 1.283 60.652 47.261 0.243 -23.829 0.383 1.667 1 0
11 2 1 2 2 1 2 0 20 45 97.602 3.939 1.483 61.118 41.203 0.808 75.717 1.750 3.233 1 0
11 2 1 1 3 2 1 0 5 45 -19.173 5.163 0.750 31.987 42.650 0.262 -15.797 0.000 0.750 1 0
11 2 1 1 4 2 2 0 10 45 66.557 3.669 0.867 32.461 37.455 0.899. 50.677 0.300 1.167 1 0
11 2 1 3 5 3 1 0 10 45 -14.869 5.556 2.183 90.091 41.263 0.108 -12.419 1.600 3.783 1 0
11 2. 1 3 6 3 2 0. 30 45 65.843 3.504 1.633 84.717 51.867 0.479 49.495 4.883 6.517 1 0.
11 2 1 1 7 4, 1 0 7 45 -14.599. 5.775 0.783 32.461 41.439 0.197 -12.278 0.233 1.017 1 0l
11 2 1 1. 8 4 2 0 10 45 61.117 3.068 0.850 30.095 35.405 0.883 44.114 0.317 1.167 1 0
11 2 1 2 9 5 1 0 10 45 -31.568 3.923 1.417 61.118 43.142 0.261 -24.465 0.850 2.267 1 0
11 2 1 2 10 5 2 0 25 45 91.464 3.384 1.283 61.118 47.624 0.757 68.065 2.383 3.667 1 0
11 2 1 3 11 6 1 0 10 45 -11.717 4.355 2.233 89.545 40.095 0.085 -9.313 0.300 2.533 1 0
11 2 1 3 12 6 2 0 25 45 91.262 3.782 1.950 89.089 45.687 0.661 70.060 2.967 4.917 1 0
11 2 2 1 13 1 1 0 7 45 -7.440. 5.468 0.700 32.461 46.372 0.100 -6.197 1.450 2.150 1 0.
11 2 2 1. 14 1. 2 0 20 45 75.618 3.922 0.817 30.946 37.894. 1.066 58.600 0.550 1.367 1 0
11 2 2 3 15 2 1 0 7 45 -30.434 3.193 1.650 90.547 54.877 0.221 -22.250 1.517 3.167 1 0
11 2 2 3 16 2 2 0. 30 45 99.722 3.945 2.100 85.172 40.558 0.725 77.392 3.000 5.100 1 0
11 2 2 2 17 3 1 0 15 45 -28.691 4.138 1.250 63.540 50.832 0.232 -22.531 0.700 1.950 1 0
11 2 2 2 18 3 2 0 20 45 51.681 1.996 1.300 61.118 47.014 0.428 31.316 6.433 7.733 1 0
11 2 2 3 19 4 1 0 4 45 -20.470. 5.660 1.867 88.178 47.238 0.148 -17.155 0.667 2.533 1 0
11 2 2 3. 20 4. 2 0 30 45 86.975 3.310 1.900 88.087 46.362. 0.631 64.296 3.867 5.767 1 0
11 2 2 1 21 5 1 0 5 45 -36.282 4.278 1.600 58.959 36.849 0.307 -28.719 0.233 1.833 1 0
11 2 2 1 22 5 2 0. 10 45 78.441 2.806 0.933 30.473 32.650 1.121 54.923 -0.083 0.850 1 0
11 2. 2 2 23 6 1 0 10 45 -22.325 4.021 1.217 62.050 51.000 0.183 -17.409 0.933 2.150 1, 0
11 2 2 2 24 6 2 0 15 45 125.632 3.627 1.367 58.137 42.539 1.072 95.355 1.250 2.617 1 0.
11 2 3 3 25 1 1 0 10 45 -28.853. 3.889 1.767 89.545 50.686 0.209. -22.312 1.600 3.367 1 0
11 2 3 3, 26 1 2 0 45 45 68.515 2.832 2.033 87.176 42.873 0.497 48.132 5.033 7.067 1 0
11 2 3 2 27 2 1 0 5 45 -23.972 3.481 1.317 63.075 47.905 0.195 -17.986 0.117 1.433 1 0
11 2 3 2 28 2 2 0 25 45 88.110 3.258 1.400 60.559 43.256 0.733 64.824 2.5831 3.983 1 0
11 2 3 1 29 3 1 0l 2 45 -26.470 3.674 0.883 38.517 43.605 0.308 -20.162 0.9001 1.783 1 0
11 21 3 1 30 3 5 6.4 .7 .0 058 394 087 4.5 .8 .8
11 2 3 2 31 4 1 0 7 45 -21.397 2.458 1.317 61.118 46.419 0.177 -14.246 1.600 2.917 1 0
11 2 3 2 32 4 2 0 25 45 73.455 3.120 1.333 60.093 45.070 0.614 53.313 3.467 4.800 1 0
11 2 3 3 33 5 1 0 7 45 -22.226 3.911 1.917 89.089 46.481 0.161 -17.211 1.917 3.833 1 0
11 2 3 3 34 5 2 0 20 45 62.455 3.646 1.867 86.265 46.213 0.454 47.472 4.917 6.783 1 0
11 2 3 1 35 6 1 0 2 45 -13.846 3.068 0.783 31 .514 40.231 0.192 -9.995 0.000 0.783 1 0
11 2, 3 1 36 6 2 0 6 45 76.881 2.998. 0.900 32.461 36.067 1.038. 55.074 0.317 1.217 1 0.
12 1 1 21 1 1 1 0 10, 44 -79.707 6.163 1.833 61.057 33.304 0.660 -67.769 2.433 4.267 01 0
12 1 1 2 2 1 2 2 11 45 52.963 6.759 1.950 63.348 32.486 0.429 45.679 2.183 4.133 0 0
12 1 1 1 3 2 1 0 10 45 -52.847 6.393 1.050 30.086 28.654 0.764 -45.195 0.817 1.867 0 0
12 1 1 1 4 2 2 1 8 44 42.884 4.269 0.933 27.759 29.741 0.667 33.928 2.183 3.117 0 0
12 1 1 3 5 3 1 0. 11 _47 -126.968 6.446 2.183 90.455 41.430 0.920 -108.723 1.483 3.667 0 0
12 1 , 1 3 6 31 2 3 13 45 86.171 5.793. 2.100 89.089 42.423 0.625 72.508 -- 1.183 3.283 0 0
12 1 1 1 7 4 1 0 8 45 -64.035 6.463 0.817 29.655 36.312 0.9381 -54.856 0.283 1.100 0 0
12 1 1 1 8 4 2 1 7 44 64.034 4.622 0.900 28.276 31.418 0.980 51.575 1.283 2.183 0 0
12 1 1 2 9 5 1 0 9 46 -83.905 6.144 1.550 60.969 39.335 0.695 -71.301 2.467 4.017 0 0
12 1 1 2 10 5 2, 1 7 44, 52.301 3.475 1.367 58.678 42.935 0.444 39.222 5.667 7.033 0 0
12 1 1 3 11 6 1 0, 11 46 -71.373 6.315 2.300 88.6341 38.536 0.517 -60.921 4.650 6.950 0 0
12 1 1 3 12 6 2 1 12 44 54.633 4.444 1.917 89.545 46.719 0.396 43.625 3.350 5.267 0 0-
12 1 2 1 13 1 1 0 6 45 -74.765 4.977 0.900 37.414 41.571 0.892 -61.155 0.883 1.783 0 0
12 1 2 1 14 1 2 0 6 45 43.744 5.283 0.733 27.328 37.265 0.690 36.200 0.933 1.667 0 0
12 1 2 3 15 2. 1 0 7 45 -60.720 3.421 2.150 89.089 41.437 0.440 -45.329 6.767 8.917 0 0
12 1 2 3 16 21 2 0 9 45 54.789 3.454 2.183 90.547 41.472 0.397 41.015 6.250 8.433 0 0
12 1 2 2 17 3 1 0. 7 45, -70.284 5.248 1.250 59.559, 47.648 0.591 -58.090 3.900 5.150 0 0
12 1 2 2 18 3 2 1 10 45 32.862 2.071 1.483 58.678 39.558 0.279 20.277 8.400 9.883 0 0
12 1 , 2 3, 19 4 1 0 9 45 -66.215 6.076 1.950 90.000 46.154 0.4801 -56.167 5.350 7.300 0 0
12 1 2 3 20 4 2 1 11 44 69.554 1.691 2.183 88.087 40.345 0.504 38.500 2.917 5.100 0 0
12 1 2 1 21 5 1 0 9 45 -45.796 5.486 0.867 35.086 40.484 0.577 -38.165 4.133 5.000 0 0
12 1 2 1 22 5. 2 0 6. 45 22.077. 4.929 0.783 29.138 37.197 0.329 18.023 4.333 5.117 0 0
12 1 2 2 23 61 1 0 8 45 -65.656 4.931 1.650 59.119 35.830 0.554 -53.603 4.800 6.450 0 0
12 1 2 2 24 61 2 1 11 45 39.146 5.480 1.483 60.000 40.449 0.328 32.616 3.983 5.467 0 0
12 1 3 3. 25 1 1 0 10 45 -64.600 4.525 2.183 90.547 41.472 0.468 -51.792 5.267 7.450 0 0
12 1 3 3 26 1 2 0 10 45 58.799 4.332 2.300 87.632 38.101 0.426 46.677 4.450 6.750 0 0
12 1 3 2 27 2 1 0 9 45 -75.162 5.047 1.517 67.489 44.498 0.590 -61.653 4.967 6.483 0 0
12 1 3 2 28 2 2 0 8- 45 57.190 4.302 1.167 59.648 51.126 0.480 45.329 3.367 4.533 0 0
12 1 3 1 29 3 1 0 51 45 -79.801 5.931 0.817 32.328 39.585 1.081 -67.420 1.017 1.833 0 0
12 1 3 1 30 3. 2 0 5 45 54.629 2.108 1.167 30.086 25.788 0.790 33.992 2.500 3.667 0 0
12 1 , 3 2. 31 4 1 0 9 45 -15.246 10.093 1.433 60.969 42.537. 0.126 -13.808 3.717 5.150 0 0
12 1 3 2 32 4 2 0 9 45 32.797 1.469 1.667 58.238 34.943 0.280 16.604 7.967 9.633 0 0
12 1 3 3 33 5 1 0 9 45 -56.411 5.020 2.033 89.545 44.038 0.409 -46.222 7.500 9.533 0 0
12 1 3 3 34 5 2 1 11 45 82.914. 3.954 2.317 89.545 38.652 0.601 64.386 3.783 6.100 0 0
12 1 3 1 35 6 1 0 8 45 -75.1141 5.600 0.983 30.517 31.034 1.072 -62.830 1.100 2.083 0 0
12 1 3 1 36 6. 2 0 7 45 54.198 3.710 0.783 26.379 33.676 0.884 41.393 2.817 3.600 0 0
12 21 1 2. 1 11 1 0 10 46 -85.155 5.923 1.300 61.362 47.201 0.703 -71.926 0.850 2.150 0 0
12 2 1 21 2 11 2 4 10 44 54.503 6.660 1.517 60.454 39.860 0.454 46.904 0.317 1.833 0 0
12 2 1 1 3 21 1 0 8 45 -57.806 5.377 0.933 33.841 36.259 0.752 -47.995 0.700 1.633 0 0
12 2 1 1 4 21 2 0 10, 45 33.795 6.139 0.667 29.085 43.628 0.504 28.715 0.700 1.367 0 0
12 2 1 3 5 31 1 0 9 451 -49.183 7.189 2.217 89.004 40.152 0.356 -42.797 3.950 6.167 0. 0
12 2 1 3 6 31 2 3 10 45 32.754 5.917 2.350 89.457 38.067 0.237. 27.661 4.250 6.600 0l 0
12 2. 1 1 7 41 1 0 8 45 -43.061 5.561 0.783 32.835 41.917 0.575 -35.974 2.333 3.117 0 0
12 2 1 1 8 4 2 0 11 45 41.586 4.698 0.750 30.000 40.000 0.603 33.613 0.883 1.633 0 0
12 2 1 2 9 5 1 0 11 45 -71.459 5.583 1.250 63.812 51.050 0.577 -59.741 2.700 3.950 0 0
12 2 1 2 10 5 2 1 12 45 51.757 5.881 1.300 61.362 47.201 0.427 43.665 1.367 2.667 0 0
12 2 1 3 11 6 1 0 5, 45 -51.596 7.047 2.033 90.453 44.485 0.374 -44.770 3.233 5.267 0 0
12 2 1 3 12 6 2 0 8 45 54.287 5.141 1.883 90.996 48.316 0.393 44.691 2.100 3.983 0 0
12 2. 2 1 13 1 1 0 8 45 -42.810 5.021 0.867. 33.293 38.415 0.565 -35.079 1.833 2.700 0 0
121 21 21 1 14 1 2 0 5 45 32.987 4.578 0.6331 29.543 46.646 0.485 26.514, 1.367 2.00 0 0
121 21 21 31 15 2 1 0 8 45 -39.974 6.938 1.8331 89.457 48.795 0.290 -34.6081 5.150 .8 0 0
121 21 21 31 16 21 .2 1 9 45. 38.661. 452 227 9.43 3.0 .8 31.0501 3.1171 5.383 01 0
12 2 2 2 17 3 1 0 8 45 -57.821 5.131 1.200 62.360 51.967 0.473 -47.583 2.383 3.583 0 0
12 2 2 2 18 3 2 1 11 45 53.336 2.832 1.483 65.174 43.938 0.426 37.469 4.500 5.983 0 0
12 2 2 3 19 4 1 0 7 46 -55.922 5.532 1.600 90.453 56.533 0.405 -46.674 2.883 4.483 0 0
12 2 2 3 20 4 2 2 12 42 29.861 4.694 2.267 91.449 40.345 0.216 24.131 5.700 7.967 0 0
12 2 2 1 21 5 1 0 7 44 -58.578 4.163 0.900 38.598 42.886 0.680 -46.070 1.217 2.117 0 0
12 2, 2 1 22 5. 2 0. 6 45 27.300, 5.680 0.817 29.909 36.623, 0.397 22.893 0.733 1.550 0. 0
12 2 2 2 23 6 1 0 8 45 -66.603 3.706 1.417 62.814 44.339 0.543 -50.852 2.450 3.867 0 0
12 2 2 2 24 6 2 1 10 45 16.483 7.776 1.483 65.719 44.305 0.131 14.494 3.550 5.033 0 0
12 2 3 3 25 1 1 0 8 45 -58.975 5.239 1.600 91.358 57.099 0.427 -48.728 3.150 4,750 0 0
12 2 3 3 26 1 2 2 11 45 23.315 5.171 1.917 89.457 46.673 0.169 19.215 5.200 7.117 0 0
12 2 3 2 27 2 1 0 8 45 -31.777 6.187 1.333 68.079 51.059 0.248 -27.034 4.167 5.500 0 0
12 2, 3 2, 28 2, 2 0. 10 45 13.841. 9.974 1.600 60.000 37.500 0.116 12.521 1.983 3.583 0. 0
12 2 3 1 29 3 1 0 5 45 -57.193 5.517 0.900 37.226 41.362 0.685 -47.712 1.100 2.000 0 0
12 2 3 1 30 3 2 0 8 45 25.057 1.605 0.900 29.909 33.232 0.364 13.439 3.400 4.300 0 0
12 2 3 2 31 4 1 0 8 45 -41.617 3.992 1.250 66.172 52.938 0.330 -32.394 3.583 4.833 0 0
12 2 3 2 32 4 2 1 10 45 32.634 3.753 1.317 60.000 45.570 0.273 25.000 2.200 3.517 0 0
12 2 3 3 33 5 1 0 5 45 -58.763 4.851 1.883 90.453 48.028 0.426 -47.816 1.633 3.517 0 0
12 2, 3 3, 34 5, 2 1 10 45 36.770, 5.570 2.217 90.905 41.010 0.266 30.727 1.517 3.733 0 0
12 2 3 1 35 6 1 0 5 45 -66.300 3.967 0.933 39.604 42.432 0.754 -51 .528 0.850 1.783 0 0
12 2 3 1 36 6 2 0 5 45 28.289 4.297 0.733 28.537 38.914 0.429 22.416 2.000 2.733 0 0
13 1 1 2 1 1 1 0 10 45 -70.509 5.769 1.667 62.165 37.299 0.578 -59.288 1.417 3.083 0 0
13 1 1 2 2 1 2 0 20 40 54.799 6.002 1.600 62.680 39.175 0.447. 46.389 1.483 3.083 0 0
13 1 1 1 3 2 1 0 5 45 -43.497 5.909 0.900 30.545 33.939 0.620 -36.725 -0.117 0.783 0 0
13 1 1 1 4 2- 2 0 10 45 35.833 5.596 0.817 31.091 38.071 0.503 29.969 0.033 0.850 0 0
13 1 1 3 5 3 1 1 10 45 -89.148 6.636 2.233 91.109 40.795 0.646 -76.678 1.217 3.450 0 0
13 1 1 3 6 3 2 1 20. 45 17.302 7.232 1.983 90.000 45.378 0.125 15.068 8.750 10.733 0 0
13 1 1 1 7 4 1 1 10 40 -44.278 5.500 0.733 31.091 42.397 0.621 -36.917 0.350 1.083 0 0
13 1 1 1 8 4 2 1 10 45 35.803 5.419 0.817 30.655 37.536 0.509 29.770 0.283 1.100 0 0
13 1 1 2 9 5 1 1 10 45 -73.870. 5.934 1.517 63.299 41.736 0.5991 -62.414 -0.067 1.450 0 0
13 1 1 2. 10 5. 2 2 15 40 30.939 4.829 1.483 61.031 41.144 0.256 25.152 5.200 6.683 0 0
13 1 1 3 11 6 1 2. 15 45 -66.024 6.267 2.150 91.109 42.376 0.479 -56.286 2.233 4.383 0 0
13 1 1 3 12 6 2 21 20 40 19.335 2.991 1.950 91.613 46.981 0.140 13.841 8.750 10.700 0 0
13 1 2 1 13 1 1 1 5 45 -35.864 5.552 0.817 31.091 38.071 0.503 -29.953 0.083 0.900 0 0
13 1 2 1 14 1 2 1 5 40 23.065 5.871 1.050 30.655 29.195 0.328 19.453 0.150 1.200 0 0
13 1 2 3 15 2 1 2 15 45. -70.270 5.839 2.200 92.217 41.917 0.510 -59.210 1.433 3.633 0 0
13 1 2 3, 16 2. 2 3 20 40 15.106 5.903 1.767 92.721 52.484 0.110 12.752 5.733 7.500 0 0
13 1 2 2 17 3 1 3 10 45 -72.259 5.778 1.483 74.124 49.971 0.544 -60.774 0.983 2.467 0 0
13 1 2 2 18 3 2 4 10 40 32.943 4.059 1.200 67.629 56.357 0.258 25.750 5.933 7.133 0l 0
13 1 2 3 19 4 1 4 15 45 -68.320 5.186 1.967 92.721 47.146 0.496 -56.339 2.367 4.333 0 0
13 1 2 3 20 4 2 3. 20 40 24.297. 6.196 1.917 91.109 47.535 0.176 20.675 3.783 5.700 0 0
13 1 2 1 21 5 1 3 5 45 -36.100 4.876 0.850 31.200 36.706 0.505 -29.407 0.433 1.283 0 0
13 1 2 1 22 5. 2 3 5 45 9.547 4.202 0.850 31.745 37.348 0.131 7.525 4.650 5.500 0 0
13 1 2 2 23 6 1 3 10 40 -58.441 5.679 1.750 60.000 34.286 0.489 -49.006 0.317 2.067 0 0
13 1 2 2 24 6 2 4 15 40 23.524 5.170 1.400 61.031 43.594 0.195 19.387 3.050 4.450 0 0
13 1 3 3 25 1 1 3 15 45 -65.572 4.843 2.067 90.605 43.841 0.475 -53.339 2.500 4.567 0j 0
13 1 3 3 26 1 2 3. 20 40 53.929. 3.363 1.767 91.109 51.571 0.391 40.059 6.250 8.017 0 0
13 1 3 2 27 2 1 2 5 45 -82.843 5.905 1.333 71.856 53.8921 0.632 -69.937 0.650 1.983 0 0
13 1 3 2 28 2 2 2 15 45 34.503 3.530 1.533 61.546 40.139 0.284 25.991 5.3001 6.833 0 0
13 1 3 1 29 3 1 2 5 45 -49.212 5.255 1.017 31.636 31.118 0.680 -40.684 -0.050 0.967 0 0
13 1 3 1 30 3 2 2 10 40 12.381 8.530 0.850 32.291 37.989 0.168 11.011 3.750 4.600 0 0
13 1 3 2 31 4 1 3 10 45 -84.643 4.829 1.417 64.845 45.773 0.678 -68.812 0.033 1.450 0 0
13 1 3 2 32 4 2 3, 15 40 12.363. 7.185 1.300 59.897 46.075 0.104 10.757 4.367 5.667 0 0
13 1 3 3, 33 5, 1 3 15 45 -34.142 5.562 1.883 90.504, 48.055 0.247 -28.524 1.667 3.550 0 0
13 1 3 3 34 5 2 3 20 40 22.352 1.684 1.717 90.504 52.721 0.162 12.342 0.633. 2.350 0 0
13, 1 3 1 35 6 1 3 5 45 -45.733 4.798 0.850 32.836 38.631 0.611 -37.129 0.283 1.133 0 0
13 1 3 1 36 6 2 3 10, 45 36.505 3.112 1.100 30.545 27.769 0.520 26.473 2.217 3.317 0 0
13 2 1 2 1 1 1 0 101 45 -82.610 3.952 1.933 62.835 32.501 0.673 -64.140 0.633 2.567 0 0
131 2 1 2 2 1 2, 0, 151 40 79.497 5.242 1.483 60.915 41.066 0.659 _65.6901 1.633 3.117 0l 0
13 2 1 1 3 2 1 0 5 45 -47.594 5.345 0.850 31 .921 37.554 0.652 -39.472 0.633 1.483 0 0
13 2 1 1 4 2 2 0 5 45 40.312 4.414 0.850 30.915 36.370 0.569 32.139 0.283 1.133 0 0
13 2 1 3 5 3 1 0 15 45 -101.083 5.410 1.983 89.909 45.332 0.732 -84.025 1.483 3.467 0 0
13 2 1 3 6 3 2 0 20 40 41 .977 5.313 1.600 90.453 56.533 0.304 34.775 6.050 7.650 0 0
13 2 1 1 7 4 1 0 5 45 -46.193 5.820 0.783 33.384 42.618 0.608 -38.901 0.533 1.317 0 0
13 2. 1 1 8 4. 2 0 10 40 29.295. 5.860 0.817 31.372 38.415 0.408. 24.699 0,500 1.317 0 0
13 2 1 2 9 5 1 0 10. 45 -88.817 5.146 1.367 64.756 47.383 0.712 -73.130 0.700 2.067 0 0
13 2 1 2 10 5 2 0 15 40 41.149 5.322 1.550 64.299 41.483 0.331 34.099 4.100 5.650 0 0
13 2 1 3 11 6 1 0 20 45 -75.388 5.565 1.950 90.453 46.386 0.546 -62.989 2.117 4.067 0 0
13 2 1 3 12 6 2 0 20 40 49.316 5.085 1.983 89.909 45.332 0.357 40.511 5.150 7.133 0 0
13 2 2 1 13 1 1 0 5 45 -44.922 4.147 0.700 31.829 45.470 0.617 -35.296 0.400 1.100 0 0
13 2. 2 1 14 1 2 0 5 45 30.912. 6.508 0.700 30.915 44.164 0.436. 26.510 0.433 1.133 0. 0
13 2 2 3 15 2 1 0 15. 45 -85.787 4.982 1.600 89.457 55.910 0.622 -70.186 2.267 3.867 0l 0
13 2 2 3 16 2 2 0 15 40 36.585 3.159 1.633 89.909 55.047 0.265 26.656 7.100 8.733 0 0
13 2 2 2 17 3 1 0 10 45 -85.937 4.084 1.517 61.829 40.767 0.706 -67.272 0.667 2.183 0 0
13 2 2 2 18 3 2 0 15 40 33.813 7.407 1.433 61.372 42.818 0.279 29.543 1.600 3.033 0 0
13 2 2 3 19 4 1 1 10 45 -65.790 4.940 2.000 89.457 44.728 0.477 -53.733 2.917 4.917 0 0
13 2, 2 3, 20 4, 2 1 15 40 60.524. 3.013 1.717 89.909 52.374 0.439. 43.429 5.350 7.067 0 0
13 2 2 1 21 5 1 1 2 45 -46.531 3.838 1.083 31.829 29.381 0.639 -35.858 0.583 1.667 0- 0
13 2 2 1 22 5 2 1 5 45 40.169 5.166 0.900 30.000 33.333 0.582 33.100 0.433 1.333 0 0
13 2 2 2 23 6 1 1 5 45 -86.343 3.831 1.167 62.835 53.859 0.703 -66.508 0.967 2.133 0 0
13 2 2 2 24 6 2 1 15 40 49.614 4.441 1.250 60.457 48.366 0.413 39.611 4.183 5.433 0 0
13 2 3 3 25 1 1 1 10 45 -92.417 4.438 1.800 90.000 50.000 0.670 -73.772 1.483 3.283 0 0
13 2- 3 3- 26 1 2 1 15 40 64.924 4.608 2.083 90.453 43.417 0.470 52.259 1.667 3.750 0 0
13 2 3 2 27 2 1 1 5 45 -53.448 4.093 1.200 62.835 52.363 0.435 -41.861 1.950 3.150 0- 0
13 2 3 2 28 2 2 1 10 40 39.992 7.009 1.333 60.915 45.686 0.332 34.675 1.833 3.167 0 0
13 2 3 1 29 3 1 1 2 45 -48.238 3.571 0.733 32.835 44.775 0.645 -36.456 0.900 1.633 0 0
13 2 3 1 30 3 2 1 2 45 36.379 3.997 0.783 30.915 39.465 0.513 28.327 0.783 1.567 0 0
13 2 3 2 31 4 11 1 5 45 -52.068 4.513 1.417 62.287 43.967 0.426 -41.718 1.783 3.200 0 0
13 2. 3 2. 32 4. 2 1 10. 40 54.246 3.641 1.767 61.372 34.739 0.448 41.219 3.317 5.083 0 0
13 2 3 3 33 5 1 1 10 45 -42.770 5.248 1.850 89.909 48.600 0.310 -35.349 2.100 3.950 0 0
13 2 3 3 34 5 2 1 10 40 41.213 4.248 2.000 89.909 44.955 0.299 32.568 4.683 6.683 0 0
13 2 3 1 35 6 1 1 2 45 -45.144 3.059 0.783 31.372 40.049 0.628 -32.557 0.633 1.417 0 0
13 2 3 1 36 6 2 1 2 45 23.967 5.992 0.817 30.915 37.855 0.338 20.283 0.517 1.333 0 0
14 1 1 2 1 1 1 0 10 45 -63.429 4.097 1.333 60.000 45.000 0.531 -49.690 33.483 33.483 0 0
14 1 1 2, 2 1 2 0 30 43 59.693 7.592 1.333 60.000 45.000 0.499. 52.326 77.533 77.533 0 0
14 1 1 1 3 2 1 0 20 45 -38.671. 5.340 0.667 30.000 45.000 0.5601 -32.067 118.550 118.550 0 0
14 1 1 1 4 2 2 0 20 42 39.3541 6.961 0.667 30.000 45.000 0.5701 34.088 170.250 170.25-0 0 0
14 1 1 3 5 3 1 0 30 45 -52.791 7.331 2.000 90.000 45.000 0.383 -46.060. 214.500 214.500 0 0
14 1 1 3 6 3 2 0 40 43 46.155 6.176 2.000 90.000 45.000 0.334 39.256 270.983 270.983 0 0
14 1 1 1 7 4 1 0 15 43 -32.560 7.108 0.667 30.000 45.000 0.472 -28.287 309.667 309.667 0 0
14 1 1 1 8 4. 2 0 15. 42 38.354 6.479 0.667 30.000 45.000 0.556 32.868 351.283 351.283 0 0
14 1 1 2 9 5 1 0 15 45 -54.191 5.679 1.333 60.000 45.000 0.453 -45.442 397.083 397.083, 0 0
14 1 1 2 10 5 2 0 20 45 48.032. 9.532 1.333 60.000 45.000 0.402 43.248 438.350 438.350 0 0
14 1 1 3 11 6 1 0 30 45 -39.134 6.490 2.000 90.000 45.000 0.284 -33.546 485.833 485.833 0 0
14 1 1 3 12 6 2 0 50 43 32.262 9.761 2.000 90.000 45.000 0.234 29.120 530.183 530.183 0 0
14 1 2 1 13 1 1 0 10 45 -49.671 4.441 0.667 30.000 45.000 0.720 -39.655 31.650 31.650 0 0
14 1 2 1 14 1 2 0 20, 45 48.408 6.588 0.667 30.000 45.000 0.702 41.590 60.983 60.983 0. 0
14 1 2 3 15 2 1 0 25 45 -41.601 6.070 2.000 90.000 45.000 0.301 -35.282 108.217 108.217 0 0
14 1 2 3 16 2 2 1 40 45 26.755, 6.895 2.000 90.000 45.000 0.194 23.143 159.500 159.500 0 0
14 1 2 2 17 3 1 , 0 25 45 -52.8971 4.164 1.333 60.000 45.000 0.443 -41.604 204.150 204.150 0 0
14 1 2 2 18 3 2 0 30 45 39.5291 7.460 1.333 60.000 45.000 0.331 34.570 243.250 243.250 0 0
14 1 2 3 19 4 1 0 30 45 -45.850 4.814 2.000 90.000 45.000 0.332 -37.249 289.400 289.400 0 0
14 11 2 3. 20 4 2 0 35. 45 31.429 8.146 2.000. 90.000. 45.000 0.228 27.799 337.850 337.850 0 0
14 1 2 1 21 5 1 0 10 45 -34.352 4.967 0.667 30.000 45.000 0.498 -28.088 373.433 373.433 0 0
14 1 2 1 22 5 2 0 15 45 23.188 8.432 0.667 30.000 45.000, 0.336, 20.595 399.817 399.817 0 0
14 1 2 2 23 61 1 0 35 46 -23.594 5.189 1.333 60.000 45.0001 0.1971 -19.459 442.650 442.650 0 0
14 11 2 21 24 61 2 0l 25 42, 26.132, 6.107 1.3331 60.000 45.0001 0.2191 22.1851 487.817 487.8171 0 0
14 1 3 3 25 1 1 0 20 45 -46.570 5.225 2.000 90.000 45.000 0.337 -38.459 17.750 17.750 0 0
14 1 3 3 26 1 2 0 30 42 44.234 8.712 2.000 90.000 45.000 0.321 39.437 59.833 59.833 0 0
14 1 3 2 27 2 1 0 15 45 -26.119 5.701 1.333 60.000 45.000 0.219 -21.917 97.033 97.033 0 0
14 1 3 2 28 2 2 0 20 43 19.691 9.066 1.333 60.000 45.000 0.165 17.634 133.783 133.783 0 0
14 1 3 1 29 3 1 0 5 43 -31.461 5.654 0.667 30.000 45.000 0.456 -26.361 168.017 168.017 0 0
14 1 3 1 30 3 2 0 10 43 33.2381 5.685 0.667 30.000 45.000 0.482 27.877 196.817 196.817 0 0
14 1 3 2 31 4 1 0 15 45 -60.354 4.856 1.333 60.000 45.000 0.505 -49.121 229.767 229.767 0 0
14 1 3 2 32 4 2 0 30 45 35.616 6.391 1.333 60.000 45.000 0.298 30.457 274.383 274.383 0 0
14 1 3 3 33 5 1 0 25 46 -43.328 5.504 2.000 90.000 45.000 0.314 -36.129 340.650 340.650 0 0
14 1 3 3 34 5 2 1 30 42 32.634 6.010 2.000 90.000 45.000 0.236 27.632 380.983 380.983 0 0
14 1 3 1 35 6 1 0 5 46 -29.745 3.653 0.667 30.000 45.000 0.431 -22.621 412.683 412.683 0 0
14 1 3 1 36 6 2 0 5 45 18.376 11.408 0.667 30.000 45.000 0.266 16.833 443.150 443.150 0 0
14 2 1 2 1 1 1 0 10 45 -40.716 4.513 1.633 61.362 37.568 0.336 -32.624 1.600 3.233 0 0
14 2 1 2 2 1 2 0 40 42 38.596 10.272 1.217 60.908 50.061 0.320 35.016 1.450 2.667 0 0
14 2 1 1 3 2 1 0 30 46 -22.667 4.670 0.900 34.299 38.110 0.291 -18.298 0.233 1.133 0 0
14 2 1 1 4 2 2 0 15 43 23.905 7.493 0.850 30.457 35.832 0.342 20.918 1.250 2.100 0 0
14 2 1 3 5 3 1 0 30 45 -45.667 6.171 2.300 89.454 38.893 0.331 -38.834 1.217 3.517 0 0
14 2 1 3 6 3 2 0 45 42 39.180 6.439 2.000 89.454 44.727 0.284 33.544 4.917 6.917 0 0
14 2 1 1 7 4 1 0 15 46 -28.836 5.809 0.850 39.604 46.593 0.328 -24.275 0.933 1.783 0 0
14 2 1 1 8 4 2 0 10 42 24.945 5.110 0.850 28.537 33.572 0.378 20.512 2.267 3.117 0 0
14 2 1 2 9 5 1 0 15 45 -40.104 4.911 1.333 60.454 45.340 0.334 -32.715 0.933 2.267 0 0
14 2 1 2 10 5 2 0 20 42 32.320 9.551 1.283 60.000 46.753 0.270 29.107 2.000 3.283 0 0
14 2 1 3 11 6 1 0 30 45 -39.247 6.668 1.950 89.454 45.874 0.284 -33.780 0.817 2.767 0 0
14 2 1 3 12 6 2 0 30 45 39.717 7.341 2.150 90.455 42.072 0.288 34.659 5.733 7.883 0 0
14 2 2 1 13 1 1 0 10 45 -20.861 6.185 0.933 36.768 39.395 0.253 -17.747 0.583 1.517 0 0
14 2 2 1 14 1 2 0 10 45 18.744 10.872 0.850 28.994 34.110 0.280 17.096 0.233 1.083 0 0
14 2 2 3 15 2 1 0 30 45 -38.823 6.579 2.067 89.909 43.504 0.281 -33.349 1.217 3.283 0 0
14 2 2 3 16 2 2 0 35 45 29.663 9.758 2.150 89.909 41.818 0.215 26.774 3.983 6.133 0 0
14 2 2 2 17 3 1 0 10 45 -29.701 5.792 1.400 60.908 43.506 0.246 -24.991 0.350 1.750 0 0
14 2 2 2 18 3 2 0 20 43 28.649 3.103 1.250 61.362 49.089 0.237 20.756 8.117 9.367 0 0
14 2 2 3 19 4 1 0 30 45 -38.034 6.179 1.917 90.455 47.194 0.276 -32.351 1.133 3.050 0 0
14 2 2 3 20 4 2 0 25 45 44.670 5.116 1.783 91.365 51.233 0.324 36.738 4.933 6.717 0
14 2 2 1 21 5 1 0 7 45 -20.082 3.830 0.817 32.378 39.647 0.272 -15.467 0.700 1.517 0 0
14 2 2 1 22 5 2 0 7 45 19.921 6.725 0.900 30.457 33.841 0.285 17.168 0.667 1.567 0 0
14 2 2 2 23 6 1 0 15 45 -37.024 5.618 1.483 60.908 41.061 0.307 -30.987 0.200 1.683 0 0
14 2 2 2 24 6 2 0 15 45 20.431 8.164 1.367 61.362 44.899 0.169 18.076 6.400 7.767 0 0
14 2 3 3 25 1 1 0 40 46 -33.435 6.808 2.233 89.545 40.095 0.242 -28.867 1.917 4.150 0 0
14 2 3 3 26 1 2 0 25 45 28.995 4.526 1.867 89.454 47.922 0.210 23.247 7.383 9.250 0 0
14 2 3 2 27 2 1 0 20 46 -31.997 5.924 1.333 62.814 47.110 0.261 -27.027 0.583 1.917 0 0
14 2 3 2 28 2 2 0 20 42 22.195 8.803 1.450 61.906 42.694 0.182 19.812 6.717 8.167 0 0
14 2 3 1 29 3 1 0 5 45 -22.244 4.911 0.817 31.921 39.087 0.305 -18.146 0.467 1.283 0 0
14 2 3 1 30 3 2 0 7 43 26.575 2.138 0.867 33.384 38.520 0.350 16.48 7.333 8.200 0 0
14 2 3 2 31 4 1 0 15 42 -18.071 5.812 1.600 64.720 40.450 0.145 -15.215 1.017 2.617 0 0
14 2 3 2 32 4 2 0 10 43 22.564 9.839 1.483 64.266 43.326 0.182 20.383 3.783 5.267 0 0
14 2 3 3 33 5 1 0 10 45 -32.914 5.462 1.983 91.365 46.066 0.239 -27.408 2.433 4.417 0 0
14 2 3 3 34 5 2 C 10 44 26.047 10.512 1.650 89.454 54.215 0.189 23.684 5.150 6.800 0 0
14 2 3 1 35 6C 1 2 45 -18.329 4.794 1.017 33.841 33.287 0.239 -14.878 0.117 1.133 0 0
14 2 3 1 36 6 2 C 5 43 19.078 6.360 0.883 30.457 34.480 0.273 16.303 2.667 3.550 0 0
